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There  rolls  the  deep  where  grew  the  tree. 
O  Earth,  what  changes  hast  thou  seen  J 
There,  where  the  long  street  roars,  hath  been 

The  stillness  of  the  central  sea. 

The  hills  are  shadows,  and  they  flow 

From  form  to  form,  and  nothing  stands  i 
They  melt  like  mists,  the  solid  lands, 

Like  clouds  they  shape  themselves  and  go, 


* 
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OUTLINES  OF  PHYSIOGRAPHY 


INTRODUCTORY 

"  Whose  aspects  mutably  swerve. 
Whose  laws  immutably  reign." 

Physiography  literally  means  a  description  of  Nature 
(Greek,  physis,  nature,  and  grapho,  I  describe). 

This  little  book  is  intended  to  give  an  account  of  the 
natural  movements  that  are  constantly  taking  place  on  the 
Earth's  surface,  and  the  forms  to  which  these  movements 
give  rise. 

Change  and  Permanence. — The  world  in  which  we 
live  is  subject  to  constant  changes,  yet  it  seems  to  alter 
very  little.  Night  follows  day,  winter  follows  summer, 
cold  succeeds  heat,  but  the  hills,  the  plains,  and  the  rivers 
remain.  The  sun  shines  every  morning  on  hills  and  plains 
that  do  not  seem  to  have  changed.  Summer  indeed  may 
clothe  forest  and  hedgerow  with  leaves  and  flowers,  or  winter 
bury  them  beneath  a  sheet  of  snow  deep  enough  to  hide  for 
a  while  many  a  familiar  landmark,  but  when  the  leaves  fall 
or  the  snow  melts,  the  old  shapes  stand  out  once  more 
against  the  sky.  The  sun  may  be  hidden  by  the  clouds 
which  pour  down  rain,  causing  the  rivers  to  rise  in  flood, 
i 
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but  when  the  floods  vanish,  and  the  sun  shines  out,  the 
land  appears  as  of  old,  with  hardly  a  noticeable  change. 
The  permanent  features  of  the  world  seem  to  be  but  little 
altered  by  the  constant  changes  going  on. 

Some  of  these  changes  are  obviously  due  to  influences 
outside  the  Earth  itself,  such  as  sunlight  and  heat.  Some, 
like  the  change  of  cloud  and  rain,  occur  in  the  Earth  itself. 

We  have  therefore  to  look  outside  the  Earth  as  well 


Fig.  1. — Landscape  in  Fair  Weather  (cf.  Fig.  2). 

as  to  the  Earth  itself  for   the  movements  which  are  con 
stantly  affecting  it. 

Of  outside  influences,  that  of  the  Sun  is  the  mos 
important.  The  change  from  day  to  night  is  felt  by  mos 
living  creatures.  Many  plants  shut  up  their  flowers  an 
some  their  leaves  in  the  darkness,  and  for  most  animals  : 
is  the  time  for  sleep.  The  living  world  is  most  active  i 
the    sunshine.       Leaves   spread   out,  flowers   blossom,   an 
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fruits  ripen,  as  spring  is  followed  by  summer,  and  summer 
by  autumn.  In  the  short  cold  days  of  winter  the  leaves 
disappear,  the  trees  are  bare,  and  there  is  little  green  but 
the  grass.  Many  animals,  too,  feel  the  seasonal  changes. 
The  mountain  hare  and  many  other  animals  have  whiter 
coats  in  winter.  The  birds  lay  their  eggs  and  rear  their 
young  as  the  days  grow  longer  in  spring  and  summer,  and 
many  of  them  migrate  for  great  distances  to   do  this  in 


Fig.  2. — The  Landscape  in  Fig.  1  in  Rainy  Weather. 

the  far  north,  where  they  could  not  live  in  the  winter 
months. 

There  are  therefore  rhythmic  movements  of  the  living 
things  on  the  Earth's  surface  corresponding  with  those  of 
the  Sun ;  but  when  we  compare  one  year  with  another  the 
same  thing  happens  in  its  season  year  after  year,  and  little 
if  any  permanent  change  is  noticeable.  It  is  only  when 
we  are    able    to   compare  the   far -distant    past   with   the 
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present  that  we  realise  how  these  constant  movements  are 
producing  constant  changes,  which,  although  usually  too 
minute  for  us  to  notice  in  our  short  lives,  are  yet  very 
great  when  we  consider  a  longer  period. 

So  it  is  with  the  hills  and  the  plains  themselves.  The 
winter  snows,  the  heavy  rainstorms,  the  seasonal  changes 
which  influence  plants  and  animals,  seem  to  affect  them 
but  little.  Here  and  there  along  the  river-courses,  after 
an  exceptionally  severe  flood,  changes  may  be  noticed,  but, 
looking  at  the  whole  hillside  or  plain,  these  are  not 
apparent.  If  we  consider  a  long  period  of  time,  however, 
we  find  that  great  changes  have  taken  place.  Sandstone, 
of  which  many  houses  are  built,  was  once  loose  sand  worn 
away  from  the  solid  rocks  and  now  once  more  compressed 
into  solid  rock.  The  wearing  away  of  the  rocks  and  the 
formation  of  new  ones  is  a  very  slow  process,  but  it  is 
constantly  going  on,  though  in  a  lifetime  we  may  not 
notice  any  change.  Supposing  the  floods  on  a  plain  add  a 
deposit  of  mud  oV  of  an  inch  thick  every  year,  this  new  layer 
of  soil  spread  over  a  great  plain  would  not  be  noticeable.  If 
this  went  on  for  30,000  years,  the  plain  would  be  covered 
100  feet  with  this  soil,  and  in  a  little  more  than  a  million 
years  the  covering  would  reach  as  high  as  Snowdon  above 
the  present  surface.  Now  the  life  of  the  Earth  is 
measured,  not  in  years  nor  in  hundreds  of  years,  but  in 
millions  of  years. 

When  we  make  such  calculations  as  these  we  begin 
to  realise  the  value  of  very  small  causes  at  work 
for  a  very  long  time,  and  to  see  that  the  innumerable 
movements  going  on  around  us,  although  they  seldom  seem 
to  us  to  make  any  great  change,  are  yet  slowly  re- shaping 
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the  world  that  they  have  transformed  in  the  past.  The 
permanence  of  the  surface  features  of  the  Earth  amidst 
constant  changes  is  only  apparent.  It  may  be,  after  all, 
the  movements  that  are  the  permanent  realities,  and  the 
seemingly  stable  hills  and  plains  in  their  present  forms 
but  the  momentary  manifestations  of  the  ceaseless  activity 
of  the  forces  shaping  the  world. 

Ways  of  looking  at  Movements  and  Forms. — 
There  are  several  ways  of  looking  at  these  movements  and 
the  forms  they  determine.  The  artist  sees  the  harmony  of 
form  and  colour,  which  he  tries  to  reproduce  for  us.  The 
scientific  man  sees  the  relationship  of  cause  and  effect, 
which  he  also  tries  to  reproduce.  In  this  book  we  shall 
look  at  the  world  from  the  scientific,  and  not  from  the 
artistic  point  of  view ;  we  shall  observe  the  movements 
and  forms,  classify  them,  and  trace  the  connection  between 
them. 

The  movements  of  the  air,  the  ocean,  the  rivers,  and 
the  slow  changes  that  take  place  on  the  hills  and  plains 
and  along  the  seacoast,  and  those  within  the  individual 
plants  and  animals,  are  different  kinds  of  movement.  So 
there  are  different  kinds  of  form.  The  Sun,  the  Moon,  and 
the  stars  are  a  different  order  of  form  from  the  mountains, 
plains,  oceans,  and  lakes  of  the  Earth's  surface.  The  forms 
of  plant,  animal,  or  man  are  of  different  order  from  those 
of  hill  or  river  or  ocean  current. 

In  this  book  we  have  to  deal  with  all  of  these,  but  we 
shall  limit  its  scope  to  a  consideration  of  the  larger  forms 
on  the  Earth's  surface  and  the  forces  shaping  them.  We 
shall  not  consider  the  individual  peak  or  plant,  but  we 
shall  consider  the  great  mountain  ranges  and  the  forces 
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shaping  them,  the  great   associations   of    plants    and    the 
forces  determining  them  and  their  distribution. 

In  the  first  part  of  the  book  we  shall  deal  with  the 
nature  and  effect  of  external  bodies  and  movements  on  the 
surface  of  the  Earth,  and  also  the  movements  and  form 
of  the  Earth  as  a  whole.  Next  we  shall  discuss  the 
different  great  divisions  of  the  Earth,  more  particularly 
the  air,  the  ocean,  and  the  dry  land,  studying  the  chief 
movements  and  forms  in  each  of  these.  Lastly  we  shall 
study  the  great  plant  and  animal  associations  and  the  con- 
ditions that  determine  their  distribution,  especially  noting 
the  place  and  importance  of  man 


PAET    I 

THE  EARTH  AS  A  WHOLE  AND  ITS 
RELATION  TO  THE  HEAVENLY  BODIES 


Crater  in  Eruption  in  Ka.mkkin. 


The  same  Crater  after  Eruption,  showing  the  Lava  Stream. 

(From  photographs  by  the  late  Boyd  Alexander,  reproduced  by  permission 
from  "  Boyd  Alexander's  Last  Jovrncy.") 


CHAPTER    1 

THE  MOVING  EARTH  AND  THE  HEAVENLY  BODIES 

Note. — Beginners  are  recommended  to  read  only  the  para- 
graphs in  large  type  in  Part  I,  and  to  refer  to  the 
small  type  only  when  it  is  necessary.  If  they  prefer, 
they  may  profitably  begin  the  study  of  the  book  with 
Part  II. 

The  Heavenly  Bodies  and  their  Apparent  Move- 
ments.— The  most  important  body  beyond  the  Earth  for 
us  is  the  Sun.  Every  morning  it  appears  above  the 
horizon,  as  the  line  which  appears  to  be  the  meeting- 
place  of  earth  and  sky  is  called  (Greek,  horizo,  I  bound). 
It  rises  higher  and  higher  in  the  sky  until,  at  noon,  it 
reaches  its  highest  point.  When  we  face  the  Sun  at 
noon,  we  face  the  south  and  have  our  backs  to  the 
north,  the  east  is  on  our  left  hand  and  the  west  on 
our  right  hand.1     After  noon  the  Sun  slowly  sinks,  and 

1  To  remember  a  direction  we  can  notice  some  prominent  object  that 
lies  in  the  same  line,  or  we  can  mark  the  cardinal  points  on  the  ground, 
by  setting  up  a  stick  erect  in  it  and  noticing  when  its  shadow  is 
shortest.  This  happens  when  the  Sun  is  highest,  that  is  at  noon,  when  it 
is  in  the  south.  Draw  a  line  from  the  tip  of  the  shadow  to  the  foot  of  the 
stick.  It  will  be  a  north  and  south  line  ;  the  end  farthest  from  the  stick 
and  the  Sun  is  the  north  end,  the  other  the  south  end.  Draw  a  line  at 
right  angles  to  this.     The  end  of  this  line  that  is  on  our  right  hand  when 

ft 
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disappears  in  the  evening  below  the  western  parb  of  the 
horizon. 

Next  to  the  Sun,  the  Moon  appears  the  most  brilliant 
body  outside  the  Earth.  It,  too,  rises  above  the  eastern 
and  sets  below  the  western  horizon.  It  is  visible  on 
most  clear  nights,  sometimes  as  a  bright  disc,  sometimes 


Fig.  8. 


as  a  crescent  of  light,  and  occasionally  it  can  be  seen 
when  the   Sun  is  shining. 

Besides  the  Moon  many  bright  spots  of  light  twinkle 

we  face  the  north  is  the  east  end,  and  that  on  our  left  hand  is  the  west 
end. 

North,  south,  east,  and  west  are  often  denoted  hy  the  first  letters  of 
these  words,  N,  S,  E,  and  W. 

Throughout,  the  directions  are  those  that  would  he  ohserved  in  the 
Northern  Hemisphere,  unless  the  contrary  is  stated.  Students  must  re- 
member that  some  alterations  would  require  to  be  made  if  they  lived  in  the 
Southern  Hemisphere.     It  is  a  good  exercise  to  discover  these. 
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in  the  sky.  From  3000  to  5000  can  be  seen  with  the 
naked  eye  from  one  place,  but  more  and  more  come  into 
view  as  more  and  more  powerful  telescopes  are  used ;  and 
we  know  that  there  are  millions  of  stars.  The  stars  are  of 
different  brightness  or  magnitude,  and  also  of  various  colours. 

If  on  a  clear  moonless  night  we  watch  the  stars 
hour  after  hour,  we  see  those  which  first  appeared  on 
the  eastern  horizon  slowly  rise  above  it,  move  across  the 
heavens,  rising  higher  until  they  are  in  the  south,  and 
then  sink  lower  until  they  disappear  below  the  western 
horizon. 

If  we  look  to  the  south  instead  of  to  the  east,  we 
see  stars  that  appear  above  the  horizon,  but  do  not  rise 
very  high,  and  very  soon  sink  below  it  again. 

If  we  turn  to  the  north,  we  see  stars  that  never  sink 
below  the  horizon  at  all,  but  move  in  an  apparently  circular 
path.  Some  dip  low  enough  just  to  touch  the  horizon, 
and  move  through  a  wide  circle.  Others  never  come  near 
the  horizon,  and  move  round  much  narrower  circles. 

A  few  stars  seem  to  wander  among  the  others,  and  are 
known  as  planets,  but  the  great  majority  of  them  do  not 
appear  to  change  their  positions  relatively  to  each  other. 
We  soon  learn  to  distinguish  certain  groups  of  brighter 
stars.  These  are  arbitrarily  arranged  in  groups  known 
as  constellations  (Latin,  con,  together,  and  stella,  a  star), 
to  which  many  fanciful  names  were  given  by  the  ancients, 
who  saw  in  them  the  outline  in  bright  spots  of  bears  and 
lions  and  other  animals,  or  of  Hercules  and  other  heroes 
of  antiquity. 

Among  those  stars  that  never  sink  beneath  the  horizon 
is  a  group  of  seven  very  bright  stars,  known  as  the  Plough, 
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or  Charles's  Wain.  A  picture  of  these  is  given.  There  is 
one  interesting  characteristic  about  the  two  stars  that 
we  see  on  our  right  hand  when  we  look  at  the  four 
forming  a  quadrilateral  figure.  They  both  lie  in  the 
same  line  as  radii  of  the  circles  in  which  all  the  stars 
turn,  and  therefore  they  point  to  the  centre  of  the  circle, 
which  remains  at  rest,  and  so  they  are  called  the  Pointers. 


Fig.  4.— The  Plough  and  the  Pole  or  North  Star. 

There  is  one  bright  star  very  close  to  this  centre,  and,  by 
continuing  the  line  joining  the  Pointers,  this  bright  star 
can  easily  be  found. 

The  centre  of  all  the  circles  in  which  we  seem  to  see 
the  stars  move  is  known  as  the  pole  of  the  heavens.  The 
bright  star  close  to  the  pole  of  the  heavens  is  called  the 
Pole    Star.      When   we    look    at    the   Pole    Star,   we    are 
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looking  north.      So  we  can   find  out   the   cardinal    points 
from  the  stars  as  well  as  from  the  Sun. 

A  graphic  record  of  the  apparent  movements  of  the  stars  round  the  pole 
of  the  heavens  is  obtained  by  exposing  a  photographic  plate  in  a  camera  for 
some  time.  The  stars  are  shown  by  lines  of  light  which  are  shorter  nearer 
the  pole,  and  near  the  pole  little  is  shown  but  a  spot. 

What  causes  the  apparent  movements  of  all  these 
heavenly  bodies  ?  All  seem  to  rise  above  the  eastern  part 
of  our  horizon,  to  be  highest  or  culminate  in  the  south, 
and  to  sink  beneath  the  western  part  of  our  horizon. 

There  are  two  possible  explanations.  Either  the  Sun, 
Moon,  and  planets  move  round  the  Earth,  or  else  the 
Earth  is  turning  round  from  west  to  east  and  so  brings 
these  heavenly  bodies  first  into  view  in  the  east.  Which 
is  the  more  likely  ? 

The  Sun,  Moon,  planets,  and  stars  seem  very  small 
things  compared  with  the  great  Earth  on  which  we  stand. 
But  are  they  so  ?  The  farther  away  we  are  from  any 
object,  the  smaller  it  appears  to  be.  A  great  vessel 
leaving  port  seems  to  grow  less  and  less  as  it  moves 
away,  until  it  appears  a  speck  on  the  horizon.  But  it 
is  still  the  same  ship,  only  farther  away  from  us.  If 
these  heavenly  bodies  are  very  far  away,  they  may  be 
very  large ;  in  which  case  it  might  be  easier  to  suppose 
our  Earth  turned  round,  and  not  the  whole  heavens.  If 
the  Earth  turned  round,  it  would  have  to  be  free  to  move. 
But  how  can  this  big  Earth  move  ? 

The  Shape  of  the  Sun,  Moon,  and  Earth. — Before 
we  go  much  farther,  we  must  ask  ourselves  what  is  the 
shape  of  the  heavenly  bodies  and  of  the  Earth.  The  Sun 
appears  a  disc.      The  Moon  sometimes  has  this  appearance. 
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Even  when  the  Moon  is  a  slender  crescent,  we  can  some- 
times faintly  see  the  rest  of  the  disc.  Looking  more 
closely  at  the  Sun  through  a  darkened  piece  of  glass,  we 
can  see  spots  on  it.  These  spots  change  their  places  on 
the  disc,  and  we  notice  that  they  slowly  move  across  it 
from  left  to  right.  As  the  spots  move,  their  shapes 
change.      Near  the  edge  they  are  narrower  than  they  are 


Fig.  5. 


high,  but  near  the  centre  they  are  rounded.  On  both 
sides  the  spots  are  more  sharply  defined  on  their  side 
which  is  nearer  the  Sun's  centre.  From  the  change  in 
the  shape  of  the  spots  it  appears  the  Sun  is  not  a  disc, 
but  a  ball. 

A  study  of  the  marks  on  the  Moon's  surface  shows 
that  those  nearest  the  edge  are  elongated,  and  that  those 
near  the  centre  are  circular  in  outline.  The  Moon,  too,  ia 
probably  a  ball.      May  the  Earth  not  be  a  ball  also  ? 
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When  we  look  across  the  sea  it  seems  flat,  but  a 
steamer  moving  away  from  us  slowly  disappears,  first  its 
hull,  then  its  funnel,  next  its  mast,  until  nothing  is  left 
but  a  small  cloud  of  smoke,  which  also  slowly  disappears. 
The  steamer  seems  to  have  sunk  under  the  horizon.  This 
leads  us  to  suppose  that  the  Earth  is  curved.  (See  Fig.  5.) 

The  horizon  is  circular.  As  we  go  higher  and  higher 
up  a  hill  we  see  more  and  more  of  the  Earth,  but  the 
horizon  remains  circular.      If  we  hold  up  a  piece  of  wood 


Fig.  6. — The  Widening  of  the  Horizon  with  increased  Altitude. 


with  a  string  and  a  weight  attached,  and  look  along  it 
from  0  until  OA  appears  to  cross  the  horizon,  we  measure 
the  "  dip "  of  the  horizon  when  we  read  the  angle  BOC. 
This  dip  increases  as  we  go  up  a  hill,  i.e.  the  Earth  appears 
to  grow  smaller,  while  at  the  same  time  we  see  more  of  it. 
This  would  happen  if  it  were  a  ball.  (See  Fig.  7.) 

Our  Earth  has  been  circumnavigated.      Travellers  have 
visited  nearly  every  part  of  it.     As  they  have  travelled 


i6 


PHYSIOGRAPHY 


north  or  south  new  stars  have  come  into  view ;  and  the 
pole  of  the  heavens  has  been  found  to  rise  or  fall  pro- 
portionately to  the  distance  travelled  in  a  north  or  south 
line.  At  one  point  the  north  pole  of  the  heavens  is  on  the 
northern  horizon,  and  on  travelling  farther  south  disappears, 
while  another  centre  round  which  stars  appear  to  turn  is 
seen  above  the  southern  horizon.  This  could  happen  only 
on  an  Earth  curved  in  a  north  and  south  direction. 

When  a  telegram  reaches  us  from  Calcutta,  we  find  that 
the  time  it  was  handed  in  at  the  post-office  there  was  after 
the  hour  at  which  we  received  it.  If 
we  arranged  to  send  a  signal  at  12 
o'clock  at  Greenwich  to  Calcutta,  it 
would  reach  Calcutta  after  6  p.m. 
But  if  we  arranged  to  send  a  signal 
from  Greenwich  at  noon  to  New 
Orleans,  it  would  arrive  at  New 
Orleans  at  6  a.m.  It  is  noon  at 
Calcutta  nearly  six  hours  earlier 
than  at  Greenwich,  and  at  New 
Orleans  six  hours  later.  In  fact,  in 
the  latter  part  of  September  and 
March,  the  Sun  would  be  rising  at 
it  was  overhead  at  Greenwich  and 
Now  this  could  not  happen  if  the 
Earth  were  flat  in  an  east  and  west  direction. 

At  certain  times  the  Moon,  while  shining  brightly  in 
the  heavens,  is  gradually  darkened  by  a  shadow  with  a 
circular  edge  crossing  it,  covering  it,  and  ultimately  leaving 
it  again  to  shine  as  before.  This  eclipse  of  the  Moon,  as  it 
is  called,  is  caused  by  the  shadow  of  the  Earth  falling  on 
the  Moon,  and  the  edge  of  this  shadow  is  circular  whatever 


New    Orleans   when 
setting  at  Calcutta. 
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part  of  the  Earth  happens  to  be  turned  towards  the  Moon. 
A  ball  would  give  this  circular-shaped  shadow. 

Measurements  of  the  Earth  have  proved  that  it  is  a 
globe ;  and  these  we  shall  discuss  later. 

"We  may  illustrate  but  not  prove  some  of  these  arguments  by  projecting 
the  shadow  of  a  ball  on  to  a  wall,  a  sheet  of  paper,  or  a  screen.  It  is  disc- 
shaped  like  that  of  the  Earth  on  the  Moon.  Make  a  small  model  of  a  ship 
with  paper,  or  simply  by  sticking  a  match  into  a  piece  of  wood  or  lead,  and 
then  make  this  model  move  round  the  ball  in  the  plane  of  the  rays  of  light. 
As  the  shadow  of  the  model  ship  disappears  behind  that  of  the  ball,  the 
shadow  of  the  top  of  the  mast  is  the  last  seen. 

Hence  we  infer  that  the  Earth  must  be  curved  in  both  north  and  south 
and  east  and  west  directions,  that  is,  that  it  is  a  ball  or  sphere. 

The  Sun's  and  the  Earth's  Rotation. — Does  this 
Earth  ball  rotate,  or  do  the  whole  heavens  move  round  the 
Earth  with  the  Sun  ball,  the  Moon  ball,  and  other  heavenly 
bodies  ?     Do  any  of  the  heavenly  bodies  rotate  ? 

We  saw  that  the  sun-spots  changed  their  position  on 
the  Sun's  surface.  If  we  look  regularly  and  carefully,  we 
notice  that  they  move  from  left  to  right,  and  that  a  sun- 
spot  is  found  in  the  same  position  it  had  about  a  month 
before.      The  Sun  seems  to  rotate  once  in  about  27£  days.1 

If  the  Earth  also  rotated  once  a  day,  turning,  when 
looked  at  from  the  north,  in  the  opposite  way  that  a  watch's 
hands  do  when  we  look  down  at  its  face,  it  would  explain 
the  rising  of  the  heavenly  bodies  in  the  east  and  their 
setting  in  the  west.  The  eastern  horizon  would  constantly 
be  turning  towards  new  stars,  and  the  western  constantly 
hiding  those  that  had  been  visible. 

1  The  spots  at  the  Sun's  equator  make  a  revolution  more  quickly  than  those 
nearer  the  poles  ;  so  that  all  parts  of  the  Sun  are  not  rotating  with  the  same 
angular  speed.  The  Earth  has  moved  in  its  orbit  while  the  Sun  is  rotating, 
so  the  Sun  has  to  turn  a  little  more  than  once  to  bring  the  same  part  opposite 
to  the  Earth  again.  The  Sun  actually  rotates  once  in  about  25£  days. 
2 
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From  a  spinning-top  we  can  learn  some  lessonB.      (Figs. 

8  and  10.) 

When   a  top   is  spun,  the  whole   top   is   spinning   01 

rotating.  If  we  fix  a  pin  at  A  and  another  at  E,  where 
the  top  is  most  bulged  out,  and  then 
spin  the  top,  each  pin  will  have 
moved  completely  round  when  the 
top  has  spun  round  once.  But  the 
actual  distance  which  the  pin  A  has 
travelled  is  much  shorter  than  the 
distance  travelled  by  the  pin  E.  Now, 
as  both  took  the  same  time  to  make 
the  journey,  it  is  quite  clear  that  the 
pin  E   must   have   moved  much  faster 

than   the    pin    A.      That    is   to    say,   the    top    is    moving 

round    more   quickly   at   E   than    at  A,   and  as    the   dis- 


Fig.  8. 


Fig.  9.— Earth,  Moon,  and  distant  Sun,  illustrating  Day  and  Night. 
Lance   EA   increases,   the   rate   of   motion   diminishes,   till 
we  have  no  motion  at  all  at  P  or  P.     The  line  joining 
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these  two  motionless  points,  P  and  P,  is  called  the  axis 

of   the   top.    and,    instead   of   saying   that    the   top   spins, 

we  may  say  chat  it  rotates  on  its  own  axis. 

Fig.  11  shows  a  heavy  ball  suspended  from  a  support  attached  to  a 
board  which  can  rotate,  with  a  hog's  bristle  fixed  to  the  ball  so  as  to 
touch  a  blackened  surface  below.  Set  the  pendulum  swinging  by  cutting 
a  thread  which  kept  it  from  the  vertical,  and  then  set  the  board  rotating. 
The  directions  traced  on  the  blackened  surface  will  gradually  change  as  the 
board  turns  round,  and  the  pendulum  will  be  found  to  vibrate  in  the  same 
direction  as  regards  the  room  all  the  time. 


Fig.  10.— To  illustrate  Day  and  Night. 

It  is  found  that  a  pendulum  fixed  to  the  ceiling  of  a  room,  set  vibrating 
and  made  to  trace  its  movements  in  this  way,  does  not  keep  the  same 
direction  relatively  to  the  side  of  the  room,  if  left  swinging  long  enough. 
In  an  hour  or  two  it  appears  to  be  moving  in  a  different  direction  to  that  in 
which  it  did  at  first,  and  in  about  28^  hours  in  our  latitudes  it  again  vibrates 
in  the  plane  it  first  moved  in.  At  the  pole  the  pendulum  would  apparently 
turn  in  the  direction  in  which  a  watch's  hands  turn,  making  a  simple 
circular  figure  as  the  Earth  has  been  rotating  in  the  opposite  sense  and  the 
pendulum  has  moved  backwards  and  forwards  unaffected  by  it,  as  was  the 
case  in  the  simple  experiment  described  above. 

In  the  Northern  Hemisphere,  where  we  assume  the  experiment  has  been 
tried,  we  find  the  Earth  turns  against  watch  hands,  i.e.  from  west  to 
east. 

At  the  Equator  the  pendulum  would  not  appear  to  change  its  plane  of 
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Fig.  11. — Foucault's  Pendulum. 
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vibration.  Here  we  have  no  rotation  in  a  horizontal  plane.  At  any  other 
place  there  is  rotation  in  a  horizontal  plane.  We  have  learned  what  it  is  at 
the  pole.  At  intermediate  places  complicated  figures  are  traced  by  a  vibrat- 
ing pendulum  which  registers  its  movements. 

The  pendulum  was  first  used  in  this  way  by  Foucault,  and  this  experi- 
ment is  known  as  Foucault's  experiment — this  arrangement  of  a  pendulum 
as  Foucault's  pendulum.    (Fig.  11.) 

The  Seasons. — If  we  look  at  the  Sun  day  after  day 
and  observe  its  time  of  rising  and  setting,  we  find  during 
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Fia.  12.— The  Sun's  Path  at  45°  N  at  different  Dates. 


one  half  of  the  year  that  the  day  gradually  grows  longer, 
and  during  the  other  half  of  the  year  it  gradually  grows 
shorter.  The  shadow  cast  by  the  erect  stick — the  rough 
sundial — we  used  for  finding  out  when  the  Sun  was  highest 
in  the  heavens,  shortens  at  noon  as  the  days  grow  longer, 
and  lengthens  as  they  grow  shorter.  (See  footnote,  p.  9.) 
That  is  to  say,  the  Sun  is  daily  rising  higher  in  the 
heavens   during  one  half  the  year,  and  during  the  other 
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half  it  does  not  rise  so  high  any  day  as  it  did  the  previous 
one. 

Twice  in  the  year,  about  March  21st  and  September 
23rd,  the  days  and  nights  are  equal.  These  times  are 
known  as  the  spring  (or  vernal)  and  the  autumnal  equinoxes 
(Latin,  cequus,  equal,  and  nox,  night).  On  22nd  December 
the  night  is  longest,  and  on  21st  June  the  day  is  longest. 


Fig.  13.     (From  a  Photo  by  Miss  H.  E.  K.  Broun.) 

The  former  date  is  known  as  the  winter,  the  latter  as  the 
summer  solstice  (Latin,  sol,  the  sun,  and  sto,  I  stand),  because 
the  Sun  seems  to  stand  still,  as  a  pendulum  does  at  the  end 
of  its  swing. 

The  changes  of  our  seasons  on  the  Earth  are  owing  to 
this  lengthening  and  shortening  of  the  days.  Those  four 
days  divide  the  year  into  four  seasons:  winter  from  2 2nd 
"December   to    21st   March;   spring  from   21st   March  go 
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21st  June;  summer  from  21st  June  to  23  rd  September , 
autumn  from  23rd  September  to  22nd  December. 

If  we  study  the  directions  of  the  shadows  of  a  vertical 
stick,  we  find  that  only  when  the  days  and  nights  are  equal 
does  the  Sun  rise  due  east  and  set  due  west.  In  the 
spring  and  summer,  when  the  days  are  longer  than  the 
nights,  the  Sun  rises  to  the  north  of  east  and  sets  to  the 


Fig.  14.     (From  a  Photo  by  Miss  H.  E.  K.  Broun.) 
north  of  west ;  and  in  autumn  and  winter,  when  the  nights 
are  longer,  it  rises  to  the  south  of  east  and  sets  to  the 
south  of  west. 

The  Earth's  Revolution.- — Can  the  seasons  also  be 
explained  by  the  movement  of  the  Earth  ball  ?  Why  do  we 
not  always  have  days  and  nights  which  do  not  vary  in  length  ? 

If  we  supposed  the  spinning  Earth  moved  round  the 
Sun  and  kept  its  axis  always  inclined  in  the  same  direc- 
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tion,  would  it  explain  matters?  Not  if  the  axis  were 
perpendicular  to  the  plane  of  its  path  round  the  Sun, 
called  its  orbit  (Latin,  orbis,  a  ring). 

Put  a  knittiug-neeclle  through  an  orange,  and  then 
hold  the  needle  perpendicularly.  Make  the  orange  and 
needle  move  round  the  lamp,  keeping  the  needle  perpen- 
dicular. One  side  of  the  orange  is  always  illuminated 
while  the  other  is  in  shadow ;  the  line  between  light  and 
darkness  passes  through  both  points  where  the  needle 
leaves  the  orange,  i.e.  both  poles.  Hence,  if  the  Earth's 
axis  were  perpendicular  to  the  plane  of  the  orbit,  day  and 
night  would  be  always  and  everywhere  of  the  same  length 
and  there  would  be  no  seasons.  (See  Fig.  13.) 

Now  incline  the  needle  at  an  angle  from  the  vertical 
and  move  it  round  the  lamp,  keeping  the  direction  of 
the  needle  always  parallel  to  its  first  position.  In  two 
positions,  and  in  two  only,  does  the  line  between  light  and 
darkness  pass  through  both  poles.  In  all  other  positions 
there  is  a  cap  of  light  round  one  pole  and  a  cap  of  darkness 
round  the  other.  The  caps  of  light  and  darkness  increase 
until  the  orange  is  half-way  between  the  two  positions  at 
which  they  do  not  exist,  and  then  they  gradually  diminish 
again.  Then  the  polar  caps  of  light  and  darkness  are 
reversed  the  other  half  of  the  journey.  Parts  outside 
these  caps  have  longer  or  shorter  periods  of  light  according 
as  they  lie  nearer  the  cap  which  is  light  or  that  which  is 
dark.  Hence,  if  the  Earth's  axis  were  inclined  to  the  plane 
of  its  orbit,  day  and  night  would  be  equal  only  twice  a  year 
all  over  the  Earth,  and  we  should  have  the  variable  length 
of  day  and  night  of  the  different  seasons.     (See  Fig.  14.) 

We  can  now  see  that  if  the  Earth  spinning  round  on 
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its  axis  also  moves  round  the  Sun — with  its  axis  always 
parallel  to  one  line,  which  is  inclined  at  an  acute  angle 
to  the  plane  of  its  orbit — then  the  phenomena  of  the 
seasons  can  be  explained.  (See  Figs.  14  and  15.) 

We  must  imagine  the  Earth  no  longer  as  a  top  but  as 
a  spinning  ball — for  instance,  a  tennis,  or  cricket,  or  golf 


Fig.  15. 

ball — which  is  made  to  spin  round  as  well  as  to  move 
onwards. 

But  if  we  keep  the  orange  at  rest  with  its  axis 
obliquely  inclined  and  move  a  candle  round  it  at  a  fixed 
radius,  exactly  the  same  results  are  obtained  as  when  we 
moved  the  orange  round  the  fixed  candle. 

So  the  seasons  may  be  equally  well  explained  by  the 
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Earth  moving  round  the  Sun  once  a  year,  as  by  the  Sun 
moving  round  the  Earth  once  a  year. 

Which  is  true  ? 

Since  we  found  day  and  night  were  to  be  explained  by 
a  movement  of  the  Earth  and  not  of  the  Sun,  we  incline  to 
believe  that  so  are  the  seasons. 

We  have  a  proof  of  this  in  what  is  termed  the  aberration  of  light.  If 
we  have  to  cycle  in  a  shower  of  rain,  we  notice  that  the  drops  which  appeared 
to  come  down  almost  vertically  before  we  mounted,  seem  to  rush  against  us 
almost  horizontally  as  we  ride  faster  and  faster.  But  we  know  that  it  is 
our  own  rapid  motion  which  causes  this,  and  no  change  in  the  direction  of 
the  falling  rain  drops.  If  we  tried  to  let  the  rain  drops  pass  through  a  tuhe 
without  touching  it,  we  should  have  to  hold  the  tube  mere  nearly  horizontal 
the  faster  we  moved  along.  Telescopes  are  such  tubes,  through  which  light- 
waves must  pass  to  reach  our  eye.  If  the  Earth  were  still,  we  could  point 
directly  at  a  star,  and  the  line  of  the  telescope  would  be  the  direction  of  the 
star  from  us.  But  if  the  Earth  moves  onward,  then  the  telescope  will 
have  to  be  slanted,  and  the  slant  will  vary  as  the  Earth  moves  in  different 
directions.  Observations  of  fixed  stars  made  throughout  a  year  show  an 
apparent  movement  of  the  stars  in  a  small  ellipse.  This  is  due  to  the  aber- 
ration of  light  caused  by  the  Earth  moving  in  an  ellipse  round  the  Sun. 

The  Earth's  Orbit. — Careful  measurements  show  that 
the  Earth  is  nearer  to  the  Sun  at  the  beginning  of  the 
year,  and  farthest  from  it  about  the  beginning  of  July. 
The  Earth,  however,  does  not  move  round  the  Sun  in  a 
circle,  and  its  path  is  found  to  be  an  ellipse,  of  which  the 
Sun  is  in  one  of  the  foci.    (Fig.  15.) 

If  two  ends  of  a  piece  of  string  are  fixed  to  two  pins,  and  the  point  of  a 
pencil  made  to  trace  a  curve  when  the  string  is  stretched  tightly  as  possible, 
that  curve  will  form  an  ellipse  of  which  the  pins  are  the  two  foci.  The 
line  drawn  through  the  two  pins  to  the  circumference  of  the  ellipse  is 
known  as  the  major  axis,  and  that  drawn  through  the  centre  of  the  major 
axis  and  at  right  angles  to  it  as  the  minor  axis. 

That  the  Earth's  orbit  is  an  ellipse  was  first  deduced  by  the  astronomer 
Kepler  from  a  great  many  observations.  Another  law  discovered  by  him 
is,  that  the  line  drawn  between  the  Earth  and  the  Sun  traces  out  equal 
areas  in  equal  times.  As  the  length  of  this  line  is  shorter  when  the  Earth 
is  nearer  the  Sun,  the  distance  the  Earth  passes  through  in  the  same  time 
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must  be  greater  than  when  the  Earth  is  farthest  from  the  Sun,  therefore  „he 
Earth  is  moving  fastest  round  the  Sun  when  it  is  nearest  the  Sun.  When 
the  Earth  is  nearest  the  Sun  it  is  said  to  be  in  perihelion,  and  is  then  about 
915  million  miles  distant.  When  it  is  farthest  away  from  the  Sun  it  is 
said  to  be  in  aphelion,  and  is  then  about  94^  million  miles  distant. 

The  Sun  :  Its  Size,  Distance,  etc. — The  Snn  must  be  a  very  large 
and  very  hot  body  to  send  us  so  much  heat. 

If  we  could  measure  the  difference  between  the  angles  made  on  opposite 
ends  of  the  terrestrial  diameter  with  the  same  edge  of  the  Sun,  we  would 
get  the  angle  that  the  Earth's  diameter  subtends  at  the  Sun,  and,  as  we 
know  the  diameter  of  the  Earth,  we  could  calculate  the  Sun's  distance.1 

This  angle  is  found  to  be  17"*6,  and,  as  a  circle  contains  360  x  60  x  60 

seconds,  it  is  ^„  =  =-; ~  of  the  circumference  of  the  circle  which 

1,296,000"     74,000 

has  the  Sun  for  centre  and  the  Earth's  distance  as  radius.     The  Earth's 

diameter  measures   7900  miles,2  hence  the   circumference  of  this  circle  is 

approximately  585,000,000  miles,  and  its  radius  is  approximately  93,000,000 

miles.      The  exact  value  found  by  delicate   measurements  is  a  little  less 

than  93,000,000  miles. 

From  this  we  can  calculate  the  actual  diameter  of  the  Sun  if  we  measure 

the  angle  it  makes  from  any  point  on  the  Earth.     This  is  a  little  over  32', 

that  is, ; times  the  circumference  of  the  circle  whose  radius  is  the 

60  x  360 

distance  between  Earth  and  Sun.     This  circumference,  we  have  learned,  is 

about  585,000,000  miles,  and  hence  the  Sun's  diameter  is  approximately 

866,000  miles. 

If  the  Earth  were  represented  by  a  marble  a  quarter  of 

an  inch  in  diameter,  then  the  Sun  would  be  represented  by 

a  globe   27  inches  in  diameter,  and  the  distance  between 

them  would  be,  on  the  same  scale,  about   3000   inches,  or 

250  feet. 

1  The  principle  of  this  method  may  be  illustrated  by  the  following 
experiment: — "Take  a  lath,  say,  a  yard  long,  and  place  it  on  a  table,  on 
which  also  some  object  is  placed  at  a  distance.  From  each  end  of  this 
lath  point  another  lath  towards  the  object,  and  rule  two  lines  on  pieces 
of  paper  placed  between  to  show  the  inclination  of  the  two  pointers 
to  the  first  lath.  Make  on  the  blackboard  a  line  to  represent  the  base, 
and  at  each  end  of  it  draw  the  angles  obtained,  and  produce  the  lines 
to  meet.  •  The  distance  measured  on  the  same  scale  as  the  base  line  will 
give  the  distance  of  the  object." — Science  and  Art  Department's  Syllabus  in 
Physiography,  §  143. 

a  See  Chap.  Ill, 
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Although  the  Sun  is  so  large,  it  is  not  nearly  so  dense  as  the  Earth, 
and,  by  comparing  the  attraction  of  the  Sun  for  the  Earth  with  that 
of  the  Earth  for  a  small  body  on  its  surface,  it  has  been  found  that  the 
density  of  the  Sun  is  little  more  than  £  that  of  the  Earth.  The  density  of 
the  Earth  is  more  than  5£  times  that  of  water  (see  Chap.  III.),  and  that 
of  the  Sun  is  not  1|  times  that  of  water. 

The  Sun  must  be  excessively  hot.      The  Earth   intercepts   less  than 

part  of  the  total  heat  radiated  by  the  Sun,  which  is  calculated 

200,000,000  l 

to  give  as  much  light  as  600,000  full  Moons,  while  every  square  inch  of  its 
surface  yields  a  light  as  strong  as  25  electric  arcs.  It  is  difficult,  of  course, 
to  measure  the  temperature  of  the  Sun,  but  it  probably  is  higher  than  16,000° 
Fahrenheit.  From  this  great  reservoir  of  heat,  the  Earth  gets  its  chief 
Kupply  of  external  energy.1 

The  Moon :   Its  Phases,  Movements,  and  Size. — 

If  we  study  the  Moon  night  after  night,  we  find  that  the 
time  of  rising  of  one  day  differs  from  that  of  the  day 
before  by  much  more  than  a  few  minutes,  which  is  the 
difference  in  the  case  of  the  Sun. 

The  Moon,  too,  alters  in  aspect  from  day  to  day. 
Sometimes  we  see  it  as  a  bright  disc,  at  others  it  is 
reduced  to  a  narrow  crescent.  At  times  it  seems  to  dis- 
appear from  the  heavens  altogether.  About  every  twenty- 
nine  days  the  Moon  is  a  bright  circular  body,  and  is  then 
called  a  full  Moon.  The  period  between  two  full  Moons  is 
a  lunar  month.  Approximately  half-way  between  two  times 
of  full  Moon  the  Moon  is  invisible,  and  is  then  called  new. 
After  new  Moon  a  thin  bright  crescent  appears,  convex 
to  our  right  hand  as  looked  at  from  our  islands.  This 
crescent  gradually  grows,  and  the  Moon  is  said  to  wax 
until  full  Moon,  when  the  light  part  forms  a  circular  disc, 
and  thereafter  the  bright  part  gradually  diminishes  or 
wanes,  and  at  last  forms  a  bright  crescent  convex  to  our 
left  hand.  Twice  in  each  month  the  bright  part  appears 
1  See  account  of  temperature  and  of  thermometers  in  Chap.  VI. 
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as  half  a  disc,  and  is  then  said  to  be  a  half  Moon.  The 
true  lunar  month  is  thus  divided  into  four  Quarters,  which 
approximately  correspond  to  our  weeks. 

We  can  explain  these  movements  if  we  suppose  the 
Moon  to  move  round  the  Earth.  As  the  Moon  moves 
round  the  Earth,  the  latter  spins  on  in  its  orbit  round 
the    Sun.      Moonlight    is    reflected   sunlight,    and  this    is 


Fig.  16. 

proved  and  we  obtain  an  explanation  of  the  Moon's 
phases  when .  we  consider  the  relationship  of  the  Sun, 
Moon,  and  Earth  at  different  parts  of  the  month. 

When  the  Moon  is  between  the  Sun  and  the  Earth, 
it  intercepts  the  sunlight  only  on  the  side  turned  away 
from  the  Earth,  and  the  Moon  is  invisible  to  us.  Some- 
times  at   new    Moon   the   surface   of    the   Moon    becomes 
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faintly  visible  by  the  light 
reflected  from  the  surface 
of  the  Earth  itself,  and 
re-reflected  from  the  Moon's 
surface.  At  full  Moon  the 
Earth  lies  between  the 
Sun  and  the  Moon,  and 
the  side  of  the  Moon 
turned  towards  the"  Earth 
receives  the  Sun's  rays  and 
reflects  them  from  every 
part  of  its  surface  to  the 
Earth  except  when  the 
three  bodies  lie  in  the  same 
plane.  At  half  Moon  the 
half  of  the  illuminated  side 
of  tbe  Moon  is  turned  to 
the  Earth  and  half  away 
from  it. 

We  always  see  the 
same  face  of  the  Moon,  and 
as  the  Moon  is  spinning 
round  the  Earth  it  must 
rotate  in  the  same  time 
that  it  takes  to  revolve 
round  the  Earth. 

The  distance  of  the  Moon  can 
be  measured  in  the  same  way  as 
for  the  Sun.  It  is  found  that  the 
angle  the  Earth's  diameter  subtends 
at  the  Moon  is  on  an  average 
1°  54'  4", x  hence  the  Earth's  diameter 

1  The  average  parallax  of  the 
Moon  is  therefore  57'  2*. 
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of  7900   miles   is or  — :  of  the  circle  whose  diameter  is  double 

1,296,000        19C 

the  Moon's  distance  from  the  Earth  ;  and  this  distance  is  therefore  about 

239,000  miles.     Careful  measurements  show  that  the  distance  varies  from 

221,600    to   253,000   miles,    and    that  the    mean    is  239,000  miles.      See 

Fig.   16,  where  the  Moon's   orbit  is  compared  with  the   Sun's  periphery, 

and  Fig.  17,  where  the  distances  between  Earth  and  Moon  and  Earth  and 

Sun  are  compared. 

The  diameter  of  the  Moon  seen  from  the  Earth  subtends  practically  the 

same  angle  as  that  of  the  Sun,  but  varies  from  29g  to  33^  minutes,  the  mean 

being  31'  7".    Hence  we  can  calculate  its  value  in  miles  as  we  did  in  the  case  of 

81' 

the  Sun  ,  x  3i- x  239,000  =  2163  miles,  a  little  more  than  a  quarter 

360x60'       7  ^ 

of  the  Earth's  diameter,  and  its  volume  is  about  ■£$  that  of  the  Earth.     It 

is  about  I  as  dense  as  the  Earth,  not  quite  3i  times  as  dense  as  water. 

Eclipses. — The  student  will  ask  :  If  the  Moon  is  between  the  Earth  and 

"he  Sun  when  it  is  new,  why  do  we  not  have  the  Sun  obscured  owing  to 

the  Moon  intercepting  the  rays  from  it  ?     We  sometimes  do  see  this,  and 

then  we  talk  of  an  eclipse  of  the  Sun.     As  the  orbit  of  the  Moon  and  of  the 

Earth  are  not  quite  in  the  same  plane,  this  happens  only  when  the  planes 

coincide.     Similarly  we  have  an  eclipse  of  the  Moon  when  it  is  full  and 

the  Earth  intercepts  the  Sun's  rays  ;  but  normally  the  planes  of  the  Moon 

and  the  Earth  do  not  coincide,  and  the  Sun's  rays  are  reflected  from  the 

Moon  to  us.     The  two  Figs.  18  and  19  clearly  show  the  conditions  for  an 

eclipse  of  the  Sun  and  for  an  eclipse  of  the  Moon. 

The  Planets  and  the  Solar  System. — When  we 
study  the  movements  of  the  stars  night  after  night,  we 
find  no  change  in  them,  but  there  are  one  or  two  appar- 
ently brighter  stars  which  are  exceptions.  These  rise 
and  set  with  the  others,  but  they  change  their  position 
relatively  to  other  bright  stars  as  time  goes  on.  When  we 
watch  these  wandering  stars  or  planets  (Greek,  planetes, 
a  wanderer)  night  after  night,  they  seem  to  have  very 
complicated  movements,  and  also  to  vary  in  brightness. 

It  is  found  that  the  planets  also  move  round  the  Sun 
in  ellipses.  The  Sun  is  therefore  the  centre  of  a  vast 
system  of  heavenly  bodies  which  move  round  it,  of  which 
our  Earth  is  found  to  be  the  third  nearest,  Mercury  and 
Venus  being  nearer  to  the  Sun  than  it.     Outside  the  Earth's 
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orbit  are  Mars,  several  hundred  smaller  planets  known  as 
planetoids,  and  beyond  them  the  great  planets,  Jupiter, 
Saturn,  Uranus,  and  Neptune.  These  planets,  like  the  Earth, 
have  moons  revolving  round  them  as  they  spin  round  the  Sun. 

Jupiter  has  eight  moons  or  satellites  (Latin,  satelles,  an  attendant). 
When  Jupiter's  moons  pass  between  the  San  and  the  planet,  their  shadow  is 
projected  on  Jupiter's  surface,  and  part  of  it  is  eclipsed  ;  while  the  moons 
themselves  are  eclipsed  when  they  pass  behind  Jupiter.1 

Laws  of  Gravitation  and  Inertia. — Sir  Isaac  Newton  first  enunciated 
the  law  which  connects  the  movement  of  all  the  heavenly  bodies.  This 
law  is  that  known  as  the  law  of  Universal  Gravitation,  and  is  as  follows  : 
Every  body  in  the  Universe  attracts  every  other  body  with  a  force  which 
is  directly  proportional  to  the  mass  of  the  two  bodies,  and  inversely  pro- 
portional to  the  square  of  the  distance  between  them. 

The  Sun  is  constantly  attracting  all  the  planets  to  itself,  and  each 
planet  is  also  attracting  the  Sun,  but,  the  mass  of  the  Sun  being  so  much 
greater  than  that  of  the  other  bodies,  the  deflection  caused  by  the  attraction 
of  the  planets  on  the  Sun  is  infinitesimal  in  comparison  with  that  caused  by 
the  attraction  of  the  Sun  on  the  planets. 

1  "The  Earth's  orbit  being  concentric  with  that  of  Jupiter  and  interior 
to  it,  their  mutual  distance  is  continually  varying,  the  variation  extending 
from  the  sum  to  the  difference  of  the  radii  of  the  two  orbits,  and  the 
difference  of  the  greater  and  least  distances  being  equal  to  a  diameter  of  the 
Earth's  orbit.  Now  it  was  observed  by  Koemer  (a  Danish  astronomer,  in 
1675),  on  comparing  together  observations  of  eclipses  of  the  satellites 
during  many  successive  years,  that  the  eclipses  at  and  about  the  opposition 
of  Jupiter  (or  its  nearest  point  to  the  Earth)  took  place  too  soon — sooner, 
that  is,  than,  by  calculation  from  an  average,  he  expected  them  ;  whereas 
those  which  happened  when  the  Earth  was  in  the  part  of  its  orbit  most 
remote  from  Jupiter  were  always  too  late.  Connecting  the  observed  error 
in  their  computed  times  with  the  variation  of  distance,  he  concluded  that, 
to  make  the  calculation  on  an  average  period  correspond  with  fact,  an 
allowance  in  respect  of  time  behoved  to  be  made  proportional  to  the  excess 
or  defect  of  Jupiter's  distance  from  the  Earth  above  or  below  its  average 
amount,  and  such  that  a  difference  of  distance  of  one  diameter  of  the 
Earth's  orbit  should  correspond  to  16m  263-6  of  time  allowed.  Speculating 
on  the  probable  physical  cause,  he  was  naturally  led  to  think  of  the 
gradual  instead  of  an  instantaneous  propagation  of  light.  This  explained 
every  particular  of  the  observed  phenomenon,  but  the  velocity  required 
(192,000  miles  per  second)  was  so  great  as  to  startle  many,  and,  at  all 
events,  to  require  confirmation." — Herschel's  A stronomy,  p.  297. 
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The  centre  of  gravity  of  the  system  is  near  the  centre  of  the  Sun, 
and,  if  they  were  not  endowed  with  a  proper  motion  of  their  own,  all  the 
planets  would  fall  to  this  centre.  The  way  in  which  the  proper  motion  of 
a  planet  prevents  it  from  thus  falling  is  explained  hy  another  law  first 
formulated  hy  Newton  :  Every  hody  remains  in  its  state,  either  of  rest  or 
of  uniform  motion  in  a  straight  line,  except  in  so  far  as  it  is  compelled 
to  change  that  state  hy  external  forces.  This  property  of  matter  is  called 
inertia,  and  the  law,  the  law  of  Inertia  (Latin,  inertia,  inactivity). 

The  true  movement  of  the  planets  is  explained  by  a  compromise  between 
the  two  laws  of  gravitation  and  inertia.  In  virtue  of  the  attraction  of  the 
Sun  they  tend  to  fall  towards  its  centre ;  in  virtue  of  their  own  proper 
motion  they  tend  to  move  in  straight  lines.  The  resultant  is  a  fall  towards 
the  Sun  deflected  at  every  instant,  i.e.  motion  round  the  Sun.  Each  body 
of  the  solar  system  is  affected  by  all  the  other  bodies  as  well  as  by  the 
Sun,  and  consequently  the  movements  of  all  are  of  great  complexity  when 
every  detail  is  considered. 

Comets. — Sometimes  bright  glowing  masses  appear  in  the  heavens 
spreading  out  in  a  brush  shape  from  a  point ;  they  grow  brighter  and  then 
wane  again.  These  are  comets  (Greek,  home,  hair),  whose  orbits  are  so 
drawn  out  that  we  only  see  them  during  the  part  in  which  they  are  nearest 
the  Sun.  Comets  are  of  all  shapes  and  sizes,  some  being  visible  only  through 
the  telescope. 

Meteors. — The  Earth  is  constantly  receiving  a  shower  of  very  fine 
matter  from  the  heavens,  and  when  this  meteoric  dust  is  of  any  size  it 
glows  as  it  rushes  through  the  atmosphere  and  forms  a  meteor  (Greek, 
mcteoros,  suspended  beyond),  often  called  a  falling  star.  Occasionally 
lumps  of  matter  of  considerable  size  fall  to  the  Earth.  Meteorites  are  com- 
posed mainly  of  magnetic  iron. 

There  are  therefore  many  minute  as  well  as  many  great  bodies  in  the 
Universe  outside  the  Earth. 

Stars. — Stars  are  glowing  suns  which  are  so  very  far  distant  that  they 
appear  only  as  spots  of  light  whose  parallax  in  almost  every  case  is  not 
measurable.  Some  of  them  are  much  larger  than  our  Sun,  while  others  are 
smaller.  They  are  not  all  equally  hot,  and  we  know  of  the  existence  of 
stars  which  we  have  never  seen  because  they  are  not  hot  enough  to  send  us 
light  rays,  by  their  constantly  passing  in  front  of  a  bright  star,  causing 
variations  in  its  brightness. 

The  stars  are  so  far  away  that  the  simplest  way  to  measure  their 
distance  is  to  estimate  the  time  that  light  takes  to  travel  from  them. 
Light  moves  about  186,000  miles  per  second,  and  therefore  takes  about  eight 
minutes  to  come  from  the  Sun.  It  takes  over  three  years  to  come  from  the 
nearest  star,  and  the  light  of  some  stars  that  we  see  now  has  been  several 
thousand  years  in  crossing  the  space  between  them  and  us.  Three  years 
contain  1,576,800  minutes.  Hence  the  nearest  star  is  about  200,000  time? 
the  distance  of  the  Sun  from  us. 
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MEASUREMENTS 


TIME    MEASUREMENTS 


There  are  many  measurements  which  depend  on  the  Earth's  move- 
ments. 

The  Day  and  its  Subdivisions. — First  of  all  we  derive  our  ideas  of 
time  from  the  daily  rotation  and  the  annual  revolution  of  the  Earth.  The 
interval  between  two  successive  noons  is  known  as  a  solar  day,  and  is  divided 
into  24  hours,  each  of  60  minutes,  each  of  60  seconds.  These  are  usually 
written,  1  h.  =  60  m.  =3600  s. 

If  a  vertical  rod  is  placed  in  the  ground  and  the  position  of  its  shadow 

noted  day  by  day,  the  time  can  be 
measured  in  this  way.  Before  the 
invention  of  clocks  and  watches, 
such  an  instrument  as  the  sundial 
(Latin,  dies,  a  day),  with  a  rod 
or  style  whose  shadow  points  to 
the  hour,  was  one  of  the  means  of 
ascertaining  time.  On  comparing 
the  watch  and  the  sundial  it  is 
found,  however,  that  the  time 
when  the  Sun  is  highest  in  the 
heavens,  namely  noon,  varies  at 
different  times  of  the  year.  This 
is  because  the  watch  is  made  to 
measure  24  equal  hours  in  each  of 
the  365  days  of  the  year.  If  the 
Earth  moved  uniformly  in  a  cir- 
cular orbit,  the  two  would  agree, 
but  as  it  moves  at  varying  rates  in  an  elliptical  orbit  the  two  do  not  agree. 
This  difference  between  the  mean  solar  time,  shown  by  the  watch,  and  the 
actual  time,  shown  by  the  sundial,  is  known  as  the  equation  of  time. 

The  Year  and   its  Subdivisions. — The  time  between   two  successive 
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Fig.  20.— A  Sun  Dial. 
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occurrences  of  the  same  equinox  is  known  as  a  year.1  It  is  found  to  contain 
very  nearly  365|  solar  days. 

To  give  the  year  an  exact  number  of  days,  three  years  in  succession  are 
considered  to  have  365  days,  and  the  fourth,  which  is  known  as  leap-year, 
has  366.  In  order  to  make  it  easy  to  remember  which  is  leap-year,  years 
divisible  by  four  are  reckoned  as  leap-years. - 

Primitive  peoples  have  always  attached  great  importance  to  the  Moon  ; 
and  many  still  reckon  their  time  by  lunar  and  not  solar  measurements.  We 
once  used  the  Moon  in  making  our  Calendar,  for  the  month  was  first  of  all 
the  time  between  two  new  Moons.  This  month  is  still  used  by  Moham- 
medans and  other  peoples.  Twelve  lunar  months  form  their  year,  alter- 
nately 354  and  355  days  ;  so  that  they  gain  a  year  in  every  thirty-three  of 
ours. 

SPACE    MEASUREMENTS 

Measurement  of  Length. — The  measurement  of  length  is  arbitrary. 
A  certain  distance  on  a  certain  piece  of  metal  preserved  in  Paris  is  called  a 
metre  or  meter,  and  in  most  countries  is  used  as  the  unit  of  length.     This 

1  The  spring  (or  vernal)  equinox  is  the  one  usually  used  in  calculations. 
This  does  not  occur  exactly  in  the  same  part  of  the  Earth's  orbit  year  after 
year.  There  is  a  gradual  movement  of  this  point  round  the  Earth's  orbit, 
so  that  it  takes  nearly  26,000  years  for  it  to  get  back  to  an  exactly  similar 
position  in  the  orbit  relatively  to  the  stars.  This  is  called  the  Precession 
of  the  Equinoxes. 

2  The  year  is  really  365  days  5  hours  48  minutes  49 '7  seconds,  about  11 J 

24  x  60 
minutes  less  than  365^  days.     Hence  in  or  129  years  a  day  will  have 

been  gained,  or  seven  days  in  900  years. 

In  order  to  obviate  this,  an  exception  is  made  to  the  rule  that  all  years 
divisible  by  four  are  leap-years,  by  making  the  years  ending  each  century 
ordinary  years  of  365  days.  Hence  the  year  1900  is  reckoned  with  only 
365  days,  although  it  is  divisible  by  four,  and  there  was.  not  be  a  leap-year 
between  1896  and  1904. 

There  is  still  a  slight  error.  A  day  is  taken  off  every  century,  hut  we  found  that  it 
took  12S  years  to  gain  this  day.  So  that  every  900  years  nine  days  would  have  been 
taken  off  and  only  seven  gained.  Hence  every  year  divisible  by  400  is  to  be  reckoned  a 
leap-year,  so  that  the  year  2000  will  be  a  leap-year  although  it  ends  a  century. 

This  is  known  as  the  Gregorian  Calendar,  after  Pope  Gregory,  who  had  it  altered  from 
the  old  Julian  Calendar,  drawn  up  by  Julius  Caesar  and  amended  by  Augustus,  which 
reckoned  the  year  as  having  exactly  365J  days. 

.  The  change  from  the  Julian  to  the  Gregorian  was  made  in  England  in  1752.  The  3rd 
of  September  (old  style)  was  followed  by  the  14th  of  September  (new  style) ;  and  the 
beginning  of  the  year  was  reckoned  from  the  1st  of  January  in  1752  for  the  first  time. 
The  year  1751  began  on  the  25th  March.  These  changes  were  made  in  Scotland  much 
earlier. 

The  Julian  Calendar  is  still  used  in  Russia. 
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is  divided  into  tenths  which  are  called  decimeters,  into  hundreds  which  are 
called  centimeters,  into  thousands  which  are  called  millimeters.  Ten  times 
a  meter  is  known  as  a  decameter,  a  hundred  times  as  a  hectometer,  and  a 
thousand  times  as  a  kilometer.  The  millimeter,  the  centimeter,  the  meter, 
and  the  kilometer  are  the  common  units.    The  meter  was  originally  intended 

to   be   in  ^Ar,  nnn  of  the  meridional  circumference  of  the  Earth,  although 
40,UUU,UUU  ° 

it  is  not  exactly  this. 

In  English-speaking  lands  the  yard,  which  is  a  certain  distance  on  a 
certain  metal  block  preserved  in  London,  is  the  unit  of  length.  It  is 
divided  into  thirds  which  are  known  as  feet,  and  into  thirty-sixths  which 
are  known  as  inches.  Two  yards  form  a  fathom,  and  1760  yards  a  statute 
mile.  These  are  the  common  measures  of  English-speaking  peoples.  The 
meter  is  a  little  longer  than  a  yard.  The  equivalents  are  given  in  the  table 
in  the  Appendix.     Inches  and  centimeters  are  shown  in  Fig.  21. 

It  is  interesting  to  note  that  the  polar  diameter  of  the  Earth  is  practi- 
cally 500  million  inches. 

The  Measurement  of  Angles. — Instruments  for  the  measurement  of 
,  2     angles  usually  have  one  arm 

tixed  and  one  arm  movable 
round  a  centre,  and  a  scale 
which  indicates  the  amount  of 
movement.  This  scale  usually 
takes  the  form  of  a  graduated 

circle  or  part  of  a  circle,  and 
2  3  4  5 

a  vernier  is  attached  for  very 
FIG.  21.-Inches  above,  Centimetres  below.    accurate  observation.     Acirele 

can  be  divided  into  four  equal  parts  by  two  lines  crossing  each  other  at  right 
angles.  It  is  customary  to  divide  a  right  angle  into  ninety  degrees,  and 
each  quarter  or  quadrant  of  the  circle  between  the  sides  of  the  right  angle 
may  be  divided  into  ninety  equal  parts,  each  of  which  is  called  a  degree. 
There  are  therefore  360  degrees  in  a  circle.  Each  degree  is  divided  into 
sixty  parts  which  are  called  minutes,  and  each  minute  is  divided  into 
sixty  parts  which  are  called  seconds :  therefore  60  minutes  are  equal  to 
3600  seconds.     These  are  written  1°  =  60'  =  3600". 

The  Vernier. — The  vernier  is  a  contrivance  of  great  use  in  many  kinds 
of  measurement,  whereby  a  reading  can  be  made  more  exactly  than  the 
normal  graduation  of  a  scale  permits.  In  the  case  of  measurements  of 
length,  a  movable  scale  is  attached  to  the  fixed  scale,  and  a  distance  equal 
to  nine-  or  eleven-tenths  of  an  inch  is  divided  into  ten  equal  parts — that 
is  to  say,  each  part  of  this  movable  scale,  or  vernier  as  it  is  called  after  its 
inventor,  is  one-tenth  of  an  inch  greater  or  less  than  each  division  on  the 
fixed  Scale.  (See  Figs.  22  and  23a.)  The  zero  of  the  vernier  is  placed  at 
the  end  of  the  length  to  be  measured. 

Fig.  236  illustrates  its  use.  The  length  shown  is  something  over  30'2 
but  under  30 -3  in.     Looking  up  both  scales,  it  will  be  found  that  the  sixth 
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division  of  the  vernier  is  exactly  opposite  one  of  the  divisions  of  the  fixed 
scale.  In  this  case  a  vernier  nine-tenths  of  an  inch  lias  been  divided  into 
ten  parts.  There  are  six  divisions  on  the  fixed  scale  above  30 "2  in.,  that 
is,  six-tenths  of  an  inch.  There  are  six  vernier  divisions  above  this 
lower  part,  that  is,  six-tenths  of  nine-tenths  of  an  inch,  or  fifty-four- 
hundredths  of  an  inch.  The  difference  then  between  the  30'2  in.  and 
the  bottom  of  the  vernier  is  six -hundredths  of  an  inch   and  the  length  is 
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Fig.  22. 


Fig.  23a. 


Fig.  236. 


30*26  in.  The  division  of  the  vernier  which  coincides  with  a  division  of  the 
fixed  scale  therefore  gives  the  value  of  the  second  place  of  decimals,  instead 
of  merely  to  the  first,  as  the  ordinary  scale  does. 

The  vernier  is  constantly  used  in  the  barometer,  whose  scale  is  divided 
into  tenths  of  a  tenth  of  an  inch  ;  and  the  vernier  is  twenty-four  twenty- 
fifths  of  an  inch  divided  into  twenty-fifths.  The  height  of  the  mercury 
column  can  thus  be  read  to  iive-hundredths  of  an  inch,  and  even  to 
thousan  iths  of  an  inch.     (See  Fig.  24. ) 
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Fig.  24. 


The  rernier  is  also  used  in  measuring  angles,  but  here  the  divisions  are 
not  fractions  of  an  inch  but  of  a  degree.  The 
principle  and  the  use  are  exactly  the  sanib. 


Position    and    Direction    of  a 
Point  in   Space. — We  can  fix  the 

relative  position  of  a  point  in  space 
when  we  know  three  things  about  it. 
For  instance,  the  position  of  one  of 
the  corners  of  the  floor  can  be  fixed 
from  where  we  sit  at  table  if  we 
know  the  distance  of  our  position 
from  the  point  on  the  floor  imme- 
diately beneath  us,  and  the  distances 
of  this  point  from  each  of  the  two 
edges  of  the  floor  which  meet  in  the 
point  in  question. 
We  can  tell  the  direction  in  which  any  object  lies 
in  space  by  two  observations.  If  we  observe,  for  instance, 
the  position  of  the  corner  of  the  floor  from  where  we 
sit  by  means  of  the  angle  it  makes  with  the  North 
Pole,  and  the  angle  it  makes  with  the  plane  of  the 
table,  then  we  should  know  the  line  in  which  the 
corner  of  the  floor  lay,  and  if  we  knew  the  length 
along  that  line  we  should  be  able  to  fix  its  position 
exactly. 

In  dealing  with  the  measurement  of  the  heavenly 
bodies  we  can  fix  their  position  from  the  Earth  by  means 
of  these  two  measurements — the  angular  distance  they  make 
with  the  north  and  south  lines,  and  their  angular  height 
above  the  horizontal  plane ;  in  other  words,  their  azimuth 
and  altitude. 
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Positions  on  the  Earth's  Surface. — The  rotation  of 
the  Earth  determines  a  fixed  line  or  axis  of  no  rotation, 
about  which  the  Earth  spins.  The  points  on  the  surface 
of  the  Earth  where  this  line  cuts  it  are  known  as  Poles. 
One  pole  we  name  the  North  Pole,  and  the  other  the 
South  Pole.  Along  one  line  on  the  Earth's  surface  all 
parts  are  moving  more  rapidly  than  on  any  other.  This 
line  lies  half-way  between  the  poles,  and  is  known  as  the 
Equator. 

It  divides  the  Earth  ball  into  two  halves,  each  of 
which,  if  we  assume  the  Earth  to  be  a  sphere,  is  a  hemi- 
sphere, the  one  with  the  North  Pole 
being  called  the  Northern  or  Boreal 
Hemisphere,  and  the  one  with  the 
South  Pole  the  Southern  or  Austral 
Hemisphere.      (Fig-  25.) 

All  circles  that  can  be  drawn 
round  the  Earth's  surface  parallel  to 
the  equator,  i.e.  at  right  angles  to  the 
Earth's  axis,  are  known  as  parallels. 

All  circles  that  can  be  drawn  perpendicular  to  the 
equator  through  both  poles,  and  therefore  containing  the 
Earth's  axis  in  their  plane,  are  known  as  meridian  circles. 
They  are  called  meridians  because  midday  occurs  at  the 
same  moment  at  every  point  on  the  half  of  their  circum- 
ference turned  to  the  Sun. 

On  the  surface  of  a  sphere  two  conditions  must  be 
given  to  fix  the  position  of  a  point,  and  only  two  are 
necessary  to  do  this.  If  we  are  told  the  exact  position 
of  a  place  on  a  meridian  circle,  and  also  on  a  parallel, 
we  know  exactly  where  that  place  is  on  the  sphere. 
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Latitude  and  Longitude. — If  we  fix  a  point  on  the 
sphere  from  which  we  count  the  degrees  along  both  meri- 
dians and  parallels,  any  other  point  can  be  determined 
with  respect  to  it  by  two  numbers — so  many  degrees  along 
the  parallel  circle  and  so  many  along  the  meridian  circle, 


Fig.  26. 


measured  in  a  definite  direction.  We  must  therefore 
choose  a  fixed  point  or  origin  from  which  all  measure- 
ments will  be  made.  It  is  usual  to  choose  one  on  the 
equator,  and  the  one  chosen  by  most  geographers  is  that 
point  in  which  the  meridian  passing  through  Greenwich 
Observatory,   near   London,   cuts   the  equator.      The  meri- 
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dian  passing  through  Greenwich  is  taken  as  the  zero  or 
initial  meridian,  and  the  largest  parallel,  the  equator,  as 
the  zero  or  initial  parallel. 

The  term  "  first  meridian"  should  never  be  used  for  the  zero  meridian  ; 
and  it  is  better  to  speak  of  the  initial  than  of  the  prime  meridian. 

^'e  can  get   to   any  place  on  the  Earth's  surface  from 


Fio.  27. 


the  zero  point  by  following  the  zero  parallel  so  many 
degrees  and  then  the  meridian  circle  on  which  the  place 
lies  for  so  many  degrees — or,  •  what  comes  to  exactly  the 
same  in  the  end,  by  following  the  zero  meridian  for  so  many 
degrees  and  then  the  parallel  circle  on  which   the   place 
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lies  for  so  many  degrees.  For  instance,  we  can  reach  New 
Orleans  from  the  zero  point  by  following  the  equator  for  90° 
in  the  opposite  direction  to  that  in  which  the  Earth  moves 
(i.e.  we  go  westwards  90°),  and  then  turning  to  our  right 
along  the  meridian  90°  W.  of  the  zero  point,  until  we 
come  to  New  Orleans  after  passing  30°  along  it  (i.e.  we 
go  northwards  30°).  We  could  equally  well  reach  New 
Orleans  from  the  zero  point  by  first  moving  northwards 
30°  along  the  zero  meridian,  and  then  90°  westwards  along 
the  parallel  of  30°  N. 

Had  we  moved  in  the  opposite  directions,  we  could  have  reached  New 
Orleans ;  but  we  should  have  had  to  pass  through  270°  moving  in  the 
direction  the  Earth  rotates,  and  330°  after  turning  to  the  right  along  the 
meridian  passing  through  New  (Means. 

It  sometimes  puzzles  people  that  a  ship  sailing  from  Cape  Clear  to  New 
York,  which  is  much  farther  south  as  well  as  west,  should  first  steer  to  the 
north  of  west.  This  is  because  the  sphericity  of  the  Earth  is  overlooked. 
The  shortest  distance  between  two  points  on  the  surface  of  a  sphere  is  an 
arc  of  a  great  circle.  The  meridians  are  such  circles,  but  the  parallels,  except 
the  equator,  are  not.  Hence,  in  going  east  or  west,  there  are  shorter  ways 
of  travelling  than  along  a  parallel,  and  the  course  steered  is  in  reality  a 
segment  of  a  great  circle,  one  whose  centre  is  at  the  Earth's  centre. 

We  speak  of  the  number  of  degrees  measured  from  the 
zero  parallel  along  a  meridian  circle  as  the  latitude  of  a 
place,  and  the  number  of  degrees  measured  from  the  zero 
meridian  along  any  parallel  as  the  longitude  of  a  place. 
As  all  the  places  on  one  parallel  have  the  same  latitude, 
we  speak  of  a  parallel  of  latitude ;  and  as  all  the  places 
on  one  meridian  circle  have  the  same  longitude,  we  speak 
of  a  meridian  of  longitude. 

New  Orleans  is  therefore  270°  or  90°  longitude  according  as  we  measure 
along  a  parallel  in  the  direction  the  Earth  turns  in  or  the  opposite  way  ; 
and  it  is  30°  or  330°  latitude  according  to  the  direction  we  measure  along  a 
meridian  circle. 

The  longitude  of  a  place  is  often  reckoned  by  measur- 
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iiig  from  the  zero  meridian  hi  the  direction  in  which  the 
Earth  turns,  so  that  270°  standing  alone  means  always  270° 
east.  But  it  is  even  more  common  to  measure  either  east 
or  west,  whichever  is  nearer.  Then  we  should  speak  of 
New  Orleans  as  90°  west  of  the  zero  meridian,  or  90°  W., 
as  it  is  often  written;  180°  E.  and  180°  W.  specify  the 
same  meridian. 

In  the  case  of  latitude  we  invariably  reckon  north  or 
south  of  the  zero  parallel — the  equator — and  write  New 
Orleans  as  30°  N.  The  position  of  New  Orleans  is  there 
fore  expressed  as  latitude  30°  N,  longitude  270°,  or 
latitude  30°  N,  longitude  90°  W,  or,  briefly,  30°  N 
90°  W. 

Notice  that  while  the  zero  parallel,  the  equator,  is  divided  either  into 
360°  measured  east,  or  180°  east  and  180°  west,  the  zero  meridian  is  only 
divided  into  180°  parts,  90°  N  and  90°  S  of  the  zero  parallel.  This  is  all 
that  is  necessary,  for  each  parallel  cuts  each  meridian  in  only  two  points,  at 
opposite  ends  of  a  diameter  ;  and  if  we  know  exactly  the  distance  along  a 
parallel,  i.e.  the  longitude  of  a  place,  we  know  which  of  these  two  points 
on  the  parallel  of  latitude  the  place  is  at. 

Tropics  and  Polar  Circles. — Two  other  sets  of  lines 
on  the  Earth's  surface  are  fixed  by  the  Earth's  revolution 
round  the  Sun.  Twice  a  year  the  polar  caps  of  light  and 
darkness  reach  a  maximum,  and  at  the  same  time  the  Sun 
is  overhead  (or  in  the  zenith)  at  noon  farthest  from  the 
equator.  The  lines  bounding  the  largest  polar  caps  of 
light  and  darkness  are  called  the  polar  circles.  The  lines 
joining  all  the  places  farthest  from  the  equator  where  the 
Sun  is  overhead  are  known  as  the  tropics  or  turning-point 
of  the  Sun  (Greek,  tropos,  a  turning),  because  the  Sun 
seems  to  go  back  on  its  course  there. 

At  mid-summer  in  the  Northern  Hemisphere  the  Sun 
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is  overhead  at  noon  at  the  northern  tropic,  which  is  also 
known  as  the  tropic  of  Cancer,  because  the  Sun  appears  to 
enter  the  constellation  of  Cancer  (Latin,  cancer,  a  crab)  at 
this  time.  At  this  season  the  Sun  never  sets  within  the 
northern  polar  circle  or  Arctic  circle  (Greek,  arktos,  the 
Great  Bear,  the  constellation  in  which  the  Plough  is). 
This  circle  is  the  same  distance  from  the  North  Pole  as  the 

tropic  of  Cancer  is  from 
the  equator.  At  this  time 
it  is  mid-winter  in  the 
Southern  Hemisphere, and 
within  the  southern  polar 
circle  or  Antarctic  circle 
the  Sun  never  rises. 

In  the  Southern  Hemi- 
sphere at  mid  -  summer 
the  Sun  never  sets  withiu 
the  Antarctic  circle  ;  it  is 
overhead  at  noon  at  the 
southern  tropic  or  tropic 
of  Capricorn,  and  is  in- 
visible within  the  Arctic  circle.     This  is  the  winter  solstice. 


On  the  21st  March,  and  again  on  the  21st  September,  the  days  and 
nights  are  equal  at  all  parts  of  the  globe,  and  the  Sun  is  in  the  zenith  or 
overhead  at  noon  over  the  equator.  (Zenith  comes  from  the  Arabic  word 
meaning  the  way  of  the  head.)  These  times  are  called  the  equinoxes  (equal 
nights),  and  are  distinguished  as  the  spring  (or  vernal)  equinox  in  March, 
and  the  autumnal  equinox  in  September. 

The  northern  seasons  are  used  in  distinguishing  the  two  solstices  and 
the  two  equinoxes,  because  astronomy  was  studied  first  in  the  Northern 
Hemisphere,  and  the  names  were  given  by  northern  astronomers. 

The  polar  circles  are  23|°  from  the  poles,  and  the  tropics  are  a  similar 
distance  from  the  equator.  The  distance  between  the  tropic  and  the  polar 
circle  is  90°  -  2  x  23£=  90°  -  47°  =  43°. 


CHAPTER   III 

THE   EARTH     SHAPE,  DIMENSIONS,  AND  PROPERTIES 
AS  A  WHOLE 

Dimensions  and  Shape  of  the  Earth. — How  large 
is  our  Earth  ? 

The  famous  Greek  geographer  Eratosthenes  asked  him- 
self that  question  more  than  2150  years  ago.  He 
said,  if  it  is  a  sphere,  then  its  curvature  is  the  same 
iu  all  directions.  This  curvature  can  be  measured  by 
determining  the  height  of  the  Sun  or  the  pole  star  at  one 
place  and  its  height  at  the  other,  and  if  the  two  places 
lie  on  the  same  meridian  it  will  be  possible  to  calculate 
the  circumference  of  this  meridian. 

He  thought  that  Alexandria  in  Egypt,  and  Syene,  now 
Aswan,  at  the  first  cataract  of  the  Nile,  were  on  the  same 
meridian,  and  that  Syene  was  on  the  tropic  of  Cancer. 
Hence,  he  said,  at  the  longest  day  the  Sun  must  be  over- 
head at  Syene,  and  if  the  angular  distance  of  the  Sun  from 
the  zenith  point  is  measured  at  Alexandria,  it  will  be  the 
same  number  of  degrees  as  the  number  of  degrees  of  arc 
between  Alexandria  and  Syene.  If  the  actual  distance 
between  Alexandria  and  Syene  is  measured,  then  the 
length  of  the  circumference  of  the  Earth  can  be  calculated. 

In    the  diagram,   if  A  is  Alexandria  and   C   Syene   on   the   tropic   of 
Cancer,  Z  is  the  position  of  the  Sun  overhead  at  the  longest  day,  but  at 
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Alexandria  A  the  Sun's  position  S  makes  an  angle  SAZ'  with  the  zenith 
Z'.  This  equals  the  angle  AOC,  and  gives  us  the  proportion  of  AC  to  the 
whole  circumference  of  the  Earth  AEC  ;  so  that,  knowing  the  length  of  AC, 
we  can  calculate  the  length  of  the  Earth's  circumference. 

Although  Syene  is  not  quite  at  the  tropic  of  Cancer, 
nor  quite  on  the  same  meridian  as  Alexandria,  Eratosthenes' 


Fig.  29. 

estimate  of  the  size  of  the  Earth  was  not  far  wrong. 
Many  other  measurements  have  been  made  since  his  day, 
and  from  these  we  know  that  the  Earth  is  nearly  25,000 
miles  in  circumference,  and  is  therefore  a  ball  whose 
diameter  is  nearly   8000  miles. 

We  may  measure  the  latitude  of  a  place  by  observing 
the  angular  distance  of  the  Sun  from  the  zenith  at  either 
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of  the  equinoxes,  when  the  Sun  is  exactly  overhead  at  the 
equator.  Or,  what  comes  to  the  same  result,  we  can 
observe  the  height  of  the  Sun  above  the  horizon  at  noon 
at  either  equinox  and  subtract  it  from  90°. 

At  A  the  zenith  distance  of  the  Sun  is  ZAS,  and  the  height  of  the  Sun 
above  the  horizon  is  HAS,  and  the  two  make  up  a  right  angle.  Hence  the 
zenith  distance  is  complementary  to  the  height  above  the  horizon,  or  the 
altitude  of  the  Sun.      (Fig.  30.) 


Fig.  81. 

We  can  determine  the  latitude  of  a  place  any  clear 

night  by  measuring  the  altitude  of  the  pole  star  PAH',  or 

else  by  observing    its  zenith    distance  and   subtracting  it 

from  90°.      The  latitude  is  given  directly  by  the  height  of 

the  pole  star  above  the  horizon,  for  the  pole  star  is  just  on 

the  horizon  at  the  equator,  and  directly  overhead  at  the 

North  Pole  every  night  of  the  year.      (Fig.  31.) 

The  pole  star  is  not  exactly  at  the  pole  of  the  heavens.  It  is  well  to 
notice  that  the  latitude  of  a  place  is  the  height  of  the  pole  of  the  heavens 
above  the  horizon  at  that  place,  and  that  this  is  not  exactly  equal  to  the 
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angle  whose  vertex  is  the  Earth's  centre  and  whose  sides  pass  through  the 
equator  and  the  plaoe  in  question,  as  would  be  the  case  were  th<?  Earth  a 
sphere.     They  are,  however,  very  nearly  equal. 

Many  meridian  arcs  have  been  measured  in  this  way. 
It  has  been  found  that  for  every  degree  the  pole  star  is 
higher  in  the  heavens  the  distance  on  the  Earth  is  not 
quite  the  same,  but  slowly  increases.  A  degree  of  latitude 
is  not  exactly  the  same  length  near  the  equator  or  near 
the  poles,  but  is  very  slightly  greater  at  the  latter. 

The  Earth,  therefore,  is  not  a  perfect  sphere,  but  is 
slightly  flattened  at  the  poles, 
slightly  bulged  out  at  the 
equator.  It  is  so  very  little 
different  from  a  sphere  that  for 
most  purposes  it  is  sufficiently 
accurate  to  assume  that  the 
Earth  is  a  perfect  sphere. 

This  slight  flattening  of  the 
Earth  where  it  spins  most 
slowly,  and  slight  bulging  out 
where  it  spins  most  quickly,  are  just  what  might  be  expected 
in  a  body  that  is  not  perfectly  rigid. 

An  experiment  may  be  tried  to  show  this.  "  Attach  equal  short  threads 
to  the  outer  edge  of  a  circular  card  with  a  hole  in  the  centre.  Fasten  light 
balls  to  the  free  ends  of  the  threads.  Slip  the  card  over  the  upper  part  of  a 
top  while  spinning."     The  balls  tend  to  move  into  the  plane  of  the  card.1 

Another  experiment  may  be  performed  by  fixing  a  "  knitting-needle  with 
wax  to  the  lowest  point  of  a  watch-glass.  Moisten  the  glass  with  soap 
solution.  Slip  the  needle  into  a  vertical  hole  in  the  central  peg  of  the  top 
when  it  is  spinning  at  a  moderate  rate.  Blow  a  soap-bubble  on  the  watch- 
glass."     Notice  that  it  is  flattened  as  the  top  keeps  spinning.2 

1  From  §§  27  and  28,  Science  and  Art  Department's  Syllabus  on  Physio 
qraphy. 
a  Ibid. 
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The  dimensions  of  Earth  in  more  exact  figures  than  those  we  have  given 
ahove,  which  suffice  for  most  purposes,  are  :— 

Equatorial  diameter 7,927  miles. 

Polar  diameter 7,900      ,, 

Circumference  round  equator  ....  24,899  statute  miles. 
Circumference  round  a  meridian      .         .         .   24,856  ., 

Surface 197,000,000  square  miles. 

Volume 260,000,000,000  cubic  miles. 

The  Earth  as  a  Great  Magnet. — There  is  another 
peculiarity  of  the  Earth  that  is  of  great  practical  importance. 
It  is  found  that  a  certain  substance,  known  as  lodestone  or 
magnetic  iron,  has  the  property  of  always  pointing  one 
way  at  one  place,  if  hung  up  and  freely  allowed  to 
swing.  Further,  a  piece  of  hard  iron  or  steel,  such  as  a 
knitting-needle,  if  properly  rubbed  with  lodestone,  always 
stroked  in  the  same  direction  by  the  same  part  of  the 
lodestone,  behaves  in  just  the  same  way.  Things  with 
such  properties  are  known  as  magnets.  The  lodestone 
or  the  magnetised  bar  of  iron  points  nearly  north  and 
south. 

Now,  when  two  magnets  have  their  north-seeking  points 
or  poles  brought  together,  it  is  found  that  they  move  away 
from  or  repel  each  other.  This  is  also  true  of  two  south- 
seeking  poles.  But  if  a  north-seeking  pole  of  one  magnet 
and  a  south-seeking  pole  of  another  magnet  are  brought 
near  each  other,  they  try  to  get  nearer  together.  They  are 
said  to  attract  each  other.  We  might  therefore  explain 
the  north-  and  south -seeking  properties  of  magnets  by 
assuming  that  the  Earth  was  itself  a  magnet,  and  that  one 
end  of  the  magnet  was  attracted  and  the  other  end 
repelled  by  the  magnetic  pole  of  the  Earth  to  which  it 
was  nearest.  (See  Fig.  33.) 
4 
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This  is  what  actually  happens.  The  Earth  has  been 
found  to  have  two  magnetic  poles,  which,  however,  do  not 
coincide  with  the  rotational  poles. 

Along  certain  lines  a  magnetic  needle  pointing  in  the 
direction  of  the  magnetic  pole  also  points  in  that  of  the  true 
pole,  but  as  a  rule  this  is  not  the  case.  The  deviation  of  the 
magnetic  north  and  south  line  at  any  place  from  the  true 
north  and  south  line  is  known  as  the  variation  or  declination 


Fig.  33. 


(Latin,    de,    from,    and    clino,    I    bend)    of    the    magnetic 
needle. 

In  the  British  Isles  the  declination  is  at  present  about  16°  W,  i.e.  the 
north  end  of  the  magnetic  needle  points  16°  W  of  the  true  north. 

When  the  declination  of  any  place  is  known,  the 
magnetic  needle  can  be  safely  used  for  determining 
directions. 

The  Compass. — The  compass  is  simply  a  magnetic 
needle  attached  to  a  card,  which  has  the  chief  directions 
marked  on  it. 
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North,  South,  East,  and  West  we  have  already  learned 
are  the  chief  directions,  at  right  angles  to  each  other,  so 
that  from  North  to  East  is  90°,  from  East  to  South  is  90°, 
from  South  to  West  is  90°,  from  West  to  North  is  90°; 
North  being  opposite  South,  and  East  opposite  West. 

Half-way  between  N  and  E,  or  45°  from  either,  is  the 


Fig.  34. 

point  known  as  NE ;  SE,  SW,  NW  are  half-way  between 
S  and  E,  S  and  W,  N  and  W  respectively. 

Half-way  between  N  and  NE,  or  22|°  from  either,  is 
known  as  NNE ;  between  NE  and  E  as  ENE ;  between  E 
and  SE  as  ESE,  and  so  on. 

Half-way  between  N  and  NNE,  or  11£°  from  either, 
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is  called  N  by  E,  or  NxE;  and  half-way  between  NNE 
and  NE  is  NE  by  N,  or  NE  x  N ;  half-way  between  NE 
and  ENE,  NE  by  E,  or  NE  x  E,  and  so  on. 

So  that  if  we  go  round,  or  box  the  compass  as  it  is 
called,  naming  the  direction  every  11|°,  we  should  read  N, 
NxE,  NNE,  NExN,  NE,  NE  x  E,  ENE,  E  x  N,  E,  ExS, 
ESE,  and  so  on.  These  32  directions  are  called  the  points 
of  the  compass. 

Dip. — The  magnetic  needle,  if 
freely  suspended,  is  usually  found 
not  merely  to  deviate  from  a  true 
north  and  soulh  line,  bat  also  not 
to  lie  horizontally.  This  is  easily 
understood  when  we  reflect  that  in 
most  places  on  the  Earth's  surface 
the  needle  is  nearer  one  magnetic 
pole  than  the  other.  Hence  one 
end  of  it  is  more  attracted  and  the 
other  one  repelled  by  that  pole 
than  the  one  is  repelled  and  the 
other  attracted  by  the  other  pole. 
The  needle  therefore  dips  to  the 
magnetic  pole  to  which  it  is  nearest. 
Above  either  magnetic  pole  the 
needle  would  be  vertical. 

Magnetic  Maps.  —  When  the 
declination  or  variation  of  the  mag- 
netic needle  is  observed  at  all  parts 
of  the   Earth,   lines  can  be  drawn 
through  all  the  places  having  the  same  declination  or  variation. 

Similarly,  a  map  can  be  made  with  lines  drawn  through  the  places  that 
have  the  same  dip.  The  line  of  no  dip  at  all  is  called  the  magnetic  equator, 
and  lies  on  the  whole  a  little  to  the  north  of  the  geographical  equator,  east 
of  the  meridian  of  Greenwich,  and  on  the  whole  south  of  the  geographical 
equator,  west  of  the  meridian  of  Greenwich. 

Density  of  the  Earth. — What  is  the  nature  of  this 
spinning  Earth  ball  on  which  we  live  ?  Its  surface  we 
know,  and  we  can  distinguish  between  land,  water,  and 
air.  What  exists  beneath  the  slight  crust  we  see  and 
know  ? 


Fig.  35. 
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It  is  a  little  difficult  for  us  at  first  to  realise  how  very 
little  of  the  Earth  we  know.  The  deepest  sea  is  about 
6  miles  deep,  the  highest  land  about  5£  miles  ^,bove  sea- 
level.  The  two  together  make  less  than  12  miles,  out  of 
a  radius  of  about  4000.  This  would  be  represented  by 
1  in.  on  a  globe  28  ft.  in  radius. 

It  is  almost  as  difficult  to  discover  the  nature  of 
the  Earth  beneath  this  crust  as  to  discover  the  nature  of 
the  heavenly  bodies.     Both 


seem  equally  inaccessible  to 

us.     Yet  men  have  tried  to 

measure     the     amount     of 

matter  in  the  Earth,  or  its 

mass. 

Cavendish  was  the  first  to 
measure  the  density  of  the  Earth, 
at  the  end  of  the  eighteenth  century. 
He  took  two  large  balls  of  lead  and 
then  fixed  two  small  ones  on  the 
end  of  a  rod  which  was  suspended 
by  a  fine  wire.  The  rod  with  the 
two  small  balls  was  so  arranged 
that  it  was  attracted  by  the  two 
larger  ones,  and  the  amount  that 
the  wire  was  twisted  was  measured. 
The  force  required  to  produce  this 
twisting  of  the  wire  was  determined, 
and  thus  the  relationship  of  the 
attraction  of  the  Earth  for  the  small 
ball — that  is  to  say,  its  weight — to 

the  attraction  of  the  large  ball  for  the  small  ball  could  be  determined,  and 
from  this  the  density  of  the  Earth  calculated.  (See  Chap.  I.,  Law  of 
Gravitation).     (Cf.  Fig.  38.) 

The  results  of  such  experiments  show  that  the  Earth 
has  about  5  J  times  the  density  of  water.  Most  of  the  rocks 
on  the  surface  have  a  density  of   1\  to   3   times  that  of 
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water.  The  density  of  clay  is  about  twice,  that  of  lead  is 
more  than  11  times,  and  that  of  platinum  21£  times  that 
of  water.  As  the  surface  crust  is  only  2  to  3  times  as 
dense  as  water,  the  Earth  must  be  much  denser  nearer  its 
centre  than  near  the  surface. 


CHAPTER   IV 

THE  STRUCTURE  OF  THE  EARTH 

The  Interior  of  the  Earth. — We  have  learned 
that  the  mean  density  of  the  Earth  is  about  5£  times 
that  of  pure  water,  and  that  the  average  density  of 
its  crust  is  only  2  to  3  times  that  of  water.  So  we 
conceive  that  the  substances  that  compose  the  interior 
of  the  Earth  are  more  compressed,  or  that  the  interior  of 
the  Earth  has  a  larger  proportion  of  denser  substances  than 
the  surface  crust.  The  denser  substances  are  mostly  metallic, 
and  it  may  be  that  metals  make  up  a  greater  part  of  the 
interior  of  the  Earth  than  they  do  of  its  crust. 

In  what  condition  is  the  Earth's  interior  ? 

Holes  have  been  bored  deep  into  its  crust  to  obtain 
minerals  or  water,  but  none  have  been  sunk  to  a  depth  of 
more  than  Aq\0  of  the  Earth's  radius — about  1J  miles. 
In  all  cases,  however  far  into  the  Earth  man  has  penetrated 
he  has  found  that  the  temperature  steadily  increases 
with  depth.  In  the  case  of  long  tunnels  like  the  St. 
Gothard  (which  pierces  a  mountain  range  far  below  its 
summit),  this  has  also  been  observed.  The  rate  at  which 
the  temperature  rises  differs  in  different  mines  and  tunnels, 
but  on  an  average  it  is  about  1°  F.  for  every  70  feet. 
At  one  mile  below  the  surface  the  temperature  is  nearly 
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90°  F.  higher  than  at  it.  At  forty  miles,  y^-g-  of  the 
Earth's  radius,  the  temperature  will  be  about  3000°  R,  if 
this  increase  of  heat  is  constant.  At  this  tempera- 
ture rocks  such  as  lava  melt.  At  lower  depths  still 
higher  temperatures  will  exist  ;  and  the  melted  materials 
may  be  conceived  as  evaporating  and  forming  gases.  So 
that  we  may  imagine,  if  we  consider  increase  of  tempera- 
ture alone,  that  the  Earth  is  a  thin  solid  crust  with  a 
liquid  layer  next  it  and  then  a  gaseous  mass  inside.  The 
proportion  of  the  solid  crust  may  be  illustrated  by  an 
ordinary  indiarubber  ball,  about  6  inches  in  diameter, 
whose  skin  is  yV  of  an  inch  thick. 

Other  considerations  besides  the  rise  of  temperature,  however,  must  be 
taken  into  account.  The  materials  below  the  Earth's  crust  have  to  resist 
the  pressure  of  all  above  them.  Some  physicists  consider  that  the  glowing 
mass  of  the  Earth's  interior  may  be  solid,  and  not  gaseous,  and  point  out 
that  it  is  sufficiently  rigid  to  transmit  earthquake  waves. 

We  cannot  be  certain  what  the  condition  of  the  Earth's  interior  is. 
What  we  do  know  is  that  it  is  denser,  and  has  to  sustain  greater  pressure 
than  the  other  layers  of  its  crust,  and  probably  it  is  much  hotter. 

The  Outer  Envelopes  of  the  Earth. — In  future 
we  shall  confine  our  attention  to  the  outer  envelopes  of 
the  Earth ;  but  we  shall  not  fail  to  notice  how  far  they  are 
influenced  from  within  as  well  as  from  without. 

This  outer  part  of  the  Earth  is  composed  of  three 
very  different  kinds  of  matter — solid,  liquid,  and  gaseous. 
There  is  the  solid  outer  layer  of  rock,  the  hollows  of  which 
are  filled  with  liquid  water,  and  above  is  a  gaseous  envelope 
of  air,  the  atmosphere.  Water  penetrates  the  atmosphere 
as  vapour,  or  floats  in  it  in  minute  liquid  or  solid  particles, 
and  also  percolates  through  the  solid  crust. 

The  atmosphere  is  composed  mainly  of  two  gases, 
nitrogen  and  oxygen,  there  being  four  times  as  much  of 
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the  former  as  of  the  latter.  Traces  of  other  substances 
can  be  found.  Water  is  the  most  important  of  these.  It 
varies  not  merely  in  quantity  but  in  the  condition  in 
which  it  is  found — solid,  liquid,  or  vapour. 

The  ocean  is  composed  mainly  of  liquid  water.  There 
are  other  substances  held  in  solution  in  sea  water,  of  which 
common  salt  is  the  most  important. 

The  solid  crust  of  the  Earth  is  composed  mainly  of 
clays,  sandstones,  limestones,  and  igneous  rocks  of  differing 
compositions.  All  the  chemical  elements  are  found  in  it. 
Oxygen  and  silicon  are  by  far  the  most  abundant,  then 
come  aluminium  and  iron,  next  calcium  and  magnesium, 
sodium  and  potassium.  The  other  elements  taken  together 
do  not  form  1  per  cent,  of  the  whole. 

The  density  of  these  envelopes  duninishes  as  we 
proceed  farther  from  the  centre  of  the  Earth  ;  and  we  are 
again  led  to  think  that  the  densest  substances  are  nearest 
the  centre  of  the  Earth. 

We  shall  study  more  fully  the  air  or  Atmosphere,  the 
water  or  Hydrosphere,  and  the  solid  crust  or  Lithosphere. 

The  Distribution  of  Land  and  Water. — If  we 
could  be  lifted  up  from  the  Earth  far  above  its  surface,  so 
that  we  could  gaze  on  half  of  it  at  once  and  watch  it  as  it 
turned  round  on  its  axis,  we  should  see  that  much  of  the 
land  was  hidden  by  water.  From  one  point  of  view  half 
the  visible  surface  of  the  Earth  would  be  water,  and  half 
land ;  but  the  other  half  of  the  Earth  would  be  almost 
entirely  covered  with  water  from  an  opposite  point  of  view. 

Little  more,  therefore,  than  a  quarter  of  the  surface 
of  the  Earth  is  dry  land.  This  land  forms  two  great 
masses.      One  of  these,  the  larger   and   more  compact,  is 
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called  the  Old  World,  for  until  four  centuries  ago  the  Nevr 
World,  as  the  other  more  elongated  part  is  called,  was  not 
known  to  the  people  of  the  Old  World,  although  it  had 
been  visited  by  the  Norsemen  five  hundred  years  earlier. 
The  New  World  is  also  called  America,  after  one  of  its 
earliest  explorers. 

Between  the  Old  and  New  Worlds  great  depressions  in 
the  Earth's  crust  are  filled  with  water,  and  these  are  called 


Fig.  39. — Water  and  Land  Hemispheres. 

oceans.  The  smaller  one,  which  lies  between  the  western 
shores  of  the  Old  World  and  the  eastern  shores  of  the  New 
World,  is  the  Atlantic  Ocean  ;  and  the  one  to  the  east  of 
the  Old  World  and  the  west  of  the  New  World  was  named 
the  Pacific  Ocean  by  the  sailor  who  was  the  first  to  enter 
it,  and  foimd  it  peaceful  after  the  storms  which  he  had 
experienced  in  seeking  it.  The  Indian  Ocean  lies  to  the 
south  of  the  Old  World. 
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Going  through  a  Swamp,  with  Papyrus  Plants,  in  Uganda 
(From  "  Eighteen  Years  in  Uganda."  by  permission  of  Bishop  Tucker.) 
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CHAPTER   V 

INTRODUCTORY— THE  WINDS 

The  Atmosphere. — Outside  all  this  land  and  water 
is  the  invisible  envelope  we  call  the  atmosphere  (Greek, 
atrtws,  vapour,  and  sphaira,  a  globe). 

We  learn  how  real  the  atmosphere  is  on  a  stormy  day. 
The  great  gusts  of  wind,  which  sometimes  even  stop  us  as 
we  walk,  convince  us  that  there  is  something  around  us 
although  we  cannot  see  it. 

What  is  the  wind  ?  It  must  be  something  moving. 
This  something,  which  we  do  not  detect  unless  it  is  in 
motion,  is  the  atmosphere,  the  chief  constituent  of  which 
is  air. 

Air,  like  all  matter,  has  weight.  Look  at  the  smoke 
from  any  chimney.  This  is  made  up  of  soot  smuts. 
It  first  of  all  rises  above  the  chimney,  and  then  it 
spreads  in  a  direction  agreeing  with  that  of  the  wind. 
The  smoke  does  not  sink  to  the  ground  at  once,  but, 
especially  in  calm  weather,  floats  above  the  Earth's  surface. 
It  could  not  float  there  if  there  was  nothing  to  support  it, 
and  we  may  assume  that  some  soot  particles  at  least  are 
lighter  than  air. 

The  Winds. — The  prevalent  directions  of  the  winda 
differ  in  different  parts  of  the  world.      In  our  islands  more 
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winds  come  from  between  south  and  west  than  from  any 
other  direction.  In  India  they  blow  from  the  north-east 
one  half  of  the  year,  and  from  the  south-west  during  the 
other  half  of  the  year.  In  the  West  Indies  they  blow 
from  north-east  nearly  all  the  year  round.  Near  the 
equator  the  winds  are  never  strong,  and  long  periods  of 
calm  are  varied  by  light  breezes.  This  region  is  known 
as    the    Doldrums,    and    sailing    ships,    which    are    quite 
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dependent  on  the  winds,  are  often  becalmed  and  lie  many 
days  with  unfilled  sails  in  this  region,  more  dreaded  by 
the  sailor  in  a  sailing  vessel  than  regions  where  "  the 
stormy  winds  do  blow." 

Figs.  52  and  53  show  the  distribution  of  winds,  and 
have  been  made  from  many  hundreds  of  thousands  of 
observations  taken  by  sailors  and  landsmen  at  all  parts  of 
the  world.  There  are  three  regions  in  each  hemisphere, 
each  with  its  own  class  of  prevalent  winds.     Near  the  poles 
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the  winds  blow  towards  the  equator,  in  temperate  lands 
they  are  westerly,  between  the  tropic  and  the  equator 
they  are  north-easterly  in  the  Northern,  and  south-easterly 
in  the  Southern  Hemisphere.  In  some  parts  of  the  latter 
regions  seasonal  winds  blow,  known  as  Monsoons.  (See 
Chap.  VIII.) 

The  westerly  winds  are  usually  accompanied  by  storms, 
and  are  often  called  the  stormy  westerly  winds.  Those  in 
the  Southern  Hemisphere  between  latitude  40°  and  50°  S 
are  very  strong,  and  are  very  useful  to  sailors.  They  are 
called  the  "  brave  west  winds  of  the  roaring  forties."  They 
are  very  constant  winds,  and  sailing  ships  from  the  Atlantic 
going  to  Australia  and  New  Zealand  always  travel  outwards 
by  the  Cape  of  Good  Hope,  sail  east  to  their  destination, 
and  then  continue  to  sail  east,  driven  by  these  west  winds, 
until  they  round  Cape  Horn  and  enter  the  Atlantic  again. 

The  north  -  east  and  south  -  east  winds  between  the 
northern  and  southern  tropics  and  the  equator — the  trade 
winds — are  the  steadiest  winds  we  know.  This  gives  them 
their  name,  which  originally  meant  winds  in  a  trodden  or 
beaten  path,  as  does  the  French  word  for  them  {vents  aliz4s). 

These  winds  are  so  useful  to  traders  that  the  name  trade  winds  is  usually 
supposed  to  mean  this.  Both  the  now  disused  word  trade,  meaning 
steady,  as  well  as  the  common  word  trade,  meaning  commerce,  come  from 
the  same  root  as  the  word  tread. 

Between  the  two  trade  wind  areas  is  the  area  of  calms 
round  the  equator,  of  which  we  have  already  spoken. 
Calms  occur  between  the  trade  and  west  wind  areas,  round 
each  of  the  two  tropics.  Calms  probably  exist  round  the 
poles.  The  calms  may  be  named — Arctic  and  Antarctic 
calms,  calms  of  Cancer  and  Capricorn,  Equatorial  calms. 
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How  are  we  to  explain  the  winds  ?  In  other  words,  why 
should  the  air  move  ?  Look  at  the  maps  on  pp.  9  2  and  9  3 
which  show  the  winds  in  summer  and  in  winter.  Notice 
that  in  summer  these  different  wind  areas  are  nearer  the 
pole  than  in  winter.  This  makes  us  t^ink  there  may  be 
gome  connection  between  the  Sun's  annual  movements  and 
those  of  the  wind  belts.  We  must  find  out,  therefore, 
whether  the  Sun  can  affect  the  atmosphere. 


Fig.  40a. — Sunshiue  recorder. 


CHAPTER  VI 

EARTH  RAYS  AND  SUN  RAYS 

Radiations. — All  the  bodies  in  the  universe  are  con- 
stantly quivering  with  vibrations  (Latin,  vibro,  I  move 
rapidly  to  and  fro).  Some  of  these  we  can  readily  detect, 
others  we  discover  only  by  using  the  most  sensitive 
instruments,  and  there  are  probably  many  vibrations  we 
have  not  yet  discovered.  These  vibrations  pass  through 
space,  and  are  known  to  us  as  radiations.  Everything  is 
constantly  giving  off  and  receiving  radiations  (Latin,  radio, 
I  emit  beams)  or  rays,  which  are  quivering  waves.1 

Some  rays  afte^r  us  so  that  we  feel  warmer,  others  give 
us  the  sensation  of  light,  some  that  we  do  not  perceive 
affect  photographic  plates,  and  others  can  be  detected  in 
special  ways.  These  rays,  however,  differ  no  more  than 
big  and  little  waves  of  the  sea.  Eays  with  certain  wave 
lengths  make  us  feel  warm,  and  we  speak  of  them  as  heat- 
giving  or  simply  as  heat  rays.  Others  of  different  wave 
length,  which  give  us  the  sensation  of  light,  we  speak  of 
as  light-giving  rays,  or  simply  as  light  rays.  All  these 
rays  travel  at  the  same  speed. 

1  In  this  chapter  reference  is  made  only  to  vibrations  of  the  Ether, 
which  are  perpendicular  to  the  direction  of  the  ray,  and  not  waves  like 
sound  waves  in  air,  which  are  along  it. 
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The  rays  that  give  us  light  are  vibrations  of  between  400  and  750  million 
million  times  in  a  second,  the  former  giving  us  a  sensation  we  call  red  ;  the 
latter  one  we  call  violet. 

Most  of  the  heavenly  bodies  are  so  far  away  that  their 
radiations  or  rays  do  not  excite  any  feeling  of  heat  in  us 
although  they  give  us  the  sensation  of  light.  Some  of 
those  which  are  nearest,  like  the  Moon  or  Mercury  or 
Venus,  do  not  send  us  many  rays  producing  sensations  of 
heat,  and  we  see  them  only  because  they  reflect  the  Sun's 
rays  which  shine  on  them.  The  Sun  is  the  source  of  the 
most  powerful  rays  which  produce  warmth  and  light ;  and 
were  it  not  for  these  the  Earth  would  be  lifeless. 

The  Earth  itself  is  constantly  sending  off  radiations 
into  space  as  well  as  receiving  them  on  all  sides. 

,  Sunshine.  —  Every  place  on  the  Earth's  surface 
theoretically  enjoys  the  same  duration  of  Sun's  rays,  which 
we  see  and  name  sunshine,  in  the  course  of  a  year.  If  the 
polar  caps  have  no  day  at  all  during  part  of  the  year,  this 
is  equalised  by  their  having  twenty-four  hours'  day  during 
an  equal  part  of  the  year.  The  actual  total  number  of 
hours  of  sunshine  differs  at  different  places ;  for  an  open 
plain  receives  more  sunshine  than  an  enclosed  valley,  and 
less  than  an  isolated  hilltop. 

The  ^cloudiness  of  a  region  affects  the  amount  of  sun- 
shine that  penetrates  to  the  Earth's  surface.  Even  when 
the  cloudiness  is  the  same,  there  is  a  greater  proportion  of 
sunny  hours  in  regions  where  the  sun  is  overhead  at  noon 
than  where  it  never  is  high  in  the  heavens ;  for  in  the 
latter  case  the  rays  have  to  pass  through  a  much  greater 
.thickness  of  atmosphere,  and  so  have  a  greater  chance  of 
being  broken  up  by  clouds. 
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The    amount   of    sunshine    is   very  important   for    all 
vegetation,  as  plants  use  sunlight  in  elaborating  their  food. 

The  seasonal  distribution  of  sunshine  and  light  we  have  already  discussed 
on  pp.  21  and  22.  There  are  two  polar  caps  within  which  there  is  at  least  24 
hours'  continuous  absence  of  sunshine  and  24  hours'  continuous  sunshine 
every  year.  There  are  two  zones  between  the  two  tropics  where  the  Sun  is 
overhead  at  noon  twice  in  the  year ;  between  the  polar  circles  and  the 
tropics  neither  sunlight  nor  its  absence  endures  for  24  hours,  and  the  Sun  is 
never  overhead.     These  are  the  temperate  zones. 

The  Measurement  of  Sunshine. — A  simple  way  of  measuring  sunshine. 
is  to  use  a  glass  sphere  or  a  spherical  glass  bottle  filled  with  water  or  other, 
liquid,  which  focuses  the  rays  of  the  Sun  on  a  piece  of  paper  which  chars 
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Fig.  41. — Diagram  to  show  the  different  areas  warmed  by 
vertical  and  by  sloping  rays. 

but  does  not  burn.     The  length  of  the  char  traced  on  the  paper  indicates  the 
duration  of  sunshine  hot  enough  to  affect  this.     (See  Fig.  40a,  p.  66.) 

Distribution  of  Sun  Rays  producing  Heat  on 
the  Earth's  Surface. — Although  the  Sun  may  shine 
for  almost  the  same  number  of  hours  in  a  year  at  all 
places  on  the  Earth's  surface,  yet  the  total  amount  of 
Sun's  heat  received  at  each  place  is  by  no  means  the 
same.  Consider  a  beam  of  Sun  rays  a  mile  square.  It 
must  cover  a  square  whose  sides  are  each  a  mile  long 
if  it  falls  vertically  on  a  plain.  But  if  it  reaches  the 
Earth's    surface    at    any  other    angle    it    covers    a    much 
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wider  area,  and  forms  a  rectangle  whose  smaller  sides 
will  be  a  mile  long,  whose  other  sides  will  be  longer. 
When  the  Sun's  rays  slope,  the  same  quantity  of  Sun's 
heat  has  to  warm  a  greater  area  than  when  the  rays 
are  vertical.1  This  is  illustrated  in  Fig.  41,  where  the 
beam  is  many  miles  wide. 

In  spring  and  autumn,  then,  when  day  and  night  are 
equal  or  nearly  so  over  all  the  Earth,  we  should  expect  the 
heat  received  by  each  square  mile  to  be  less  and  less  as  we 
pass  from  equator  to  pole.  This  will  also  be  the  case  in 
winter,  when  the  sun  does  not  shine  at  all  over  the  polar 
area  and  when  the  days  on  that  side  of  the  equator  are  less 
than  twelve  hours  long. 

It  is  not  so  easy  to  determine  what  happens  in  summer, 
when  the  days  at  all  places  between  the  equator  and  the 
pole  are  over  twelve  hours  long.  On  the  equatorial  side 
of  the  tropic,  where  the  Sun  is  overhead  at  noon,  the  heat 
received  will  be  less  the  farther  away  a  place  is  from  this 
tropic,  as  the  Sun's  rays  slant  more  and  shine  for  a  shorter 
time  each  day.  But  between  this  tropic  and  the  polar 
circle  within  which  it  is  perpetual  day,  the  day  also  grows 
longer  and  longer,  while  the  Sun's  rays  slant  more  and 
more.  We  have  to  discover  which  has  the  greater  effect 
— the  increase  of  rays  due  to  the  day  being  longer,  or  the 
diminution  of  their  effect  due  to  their  falling  at  a 
more  acute  angle.  Figure  42  summarises  the  results 
calculated  for  the  Northern  Hemisphere,  supposing  the 
atmosphere   arrests  no  rays.      If   we   count   as  unity  the 

1  Note  that  a  slope  facing  the  south,  north  of  the  tropic  of  Cancer,  is 
hetter  situated  than  one  facing  the  north,  for  the  Sun's  rays  strike  it  more 
nearly  perpendicularly.     (See  Fig.  44,  p.  80.) 
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amount  of  Sim's  rays  producing  heat  received  at  the 
equator  on  20th  March,  then  the  amount  will  gradually 
diminish  from  the  equator  to  the  pole,  as  the  line  shows. 
On  Mid -summer  Day  we  find  that  actually  the  greater 
length  of  day  nearer  the  pole  counts  for  more  than  the 
greater  verticality  of  the  Sun  at  noon  nearer  the  tropic  : 
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except  between  about  40°  and  65°,  provided  no  rays  are 
absorbed  by  the  atmosphere.  Intermediate  lines  are  shown 
on  the  diagram. 

In  the  whole  year,  however,  there  is  a  steady  fall  in 
the  proportion  of  Sun's  rays  measured  as  heat  received 
from  equator  to  pole.  If  the  mean  amount  received  in  one 
month    at  the  equator  be  called  one,  then   there  would  be 
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twelve  such  months'  Sun  rays  received  there,  only  two-thirds 
of  this  at  London,  and  about  half  of  this  at  the  Arctic 
circle. 

The  exact  figures  are — 
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If  we  were  to  make  a  map  showing  the  annual  distribution  of  solar  radia- 
tion reaching  the  surface  of  the  Earth,  supposed  to  have  no  atmosphere, 
by  drawing  lines  through  all  places  where  its  mean  value  was  the  same, 
these  lines  would  run  parallel  to  the  lines  of  latitude  and  diminish  in 
value  from  equator  to  pole.  But  if  we  were  to  do  this  for  the  month  of  June 
the  value  of  the  lines  would  increase  from  equator  to  pole  in  the  Northern 
Hemisphere  except  between  40°  and  65°,  as  is  indicated  by  the  June  curve 
of  Fig.  42. 

Pure  dry  air  lets  about  three-quarters  of  the  rays  pass 
vertically  through  it,  moist  but  cloudless  air  probably  only 
half.  The  part  of  the  Sun's  rays  which  passes  through 
the  atmosphere  cannot  pass  through  the  land  and  water 
of  the  Earth's  outer  crust.  These  reflect  or  absorb  the 
rays  and  are  affected  by  them.  These  phenomena  we 
must  now  examine  more  closely. 

Absorption  and  Radiation  of  Heat-producing  Rays 
by  the  Atmosphere. — At  sunrise  or  sunset  the  Sun 
usually  is  much  redder  than  at  noon.  That  is  to  say, 
more  rays  affecting  our  eyes  as  red  in  proportion  to  others 
reach  our  eye  when  the  Sun  is  near  the  horizon,  and  its 
rays  have  to  pass  through  a  greater  thickness  of  the 
atmosphere  than  at  noon.  The  rays  of  smaller  wave 
lengths  and  more  rapid  vibration  which  give  us  the 
sensation  of  blue  are  arrested,  and  the  longer  and  slower 
ones  we  call  red  pass  through  the  atmosphere. 

All  the  Sun's  rays,  therefore,  do  not  pass  equally 
easily  through  the  atmosphere.      Among  the  rays  that  find 
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it  difficult  to  pass  through  the  atmosphere  are  the  rays 
longer  than  the  ones  we  call  red  and  slower  in  their 
oscillations,  which  we  cannot  see  with  our  eyes,  yet  which 
give  us  a  feeling  of  warmth.  So  it  comes  about  that  on  a 
clear  spring  day  at  the  equator,  with  the  Sun  overhead  at 
noon,  only  6 1  per  cent,  of  all  the  rays  producing  heat  reach 
the  bottom  of  the  atmosphere,  and  on  mid-summer  only 
58*3  per  cent.,  and  at  50°  N  latitude  on  21st  June 
5 9 -6  per  cent.,  on  21st  December  20*7  per  cent.;  while  at 
the  North  Pole  at  mid-summer  41*7  per  cent,  of  such 
rays  reach  the  Earth. 

The  atmosphere  so  absorbs  these  rays  that  at  mid- 
summer at  the  pole  the  quantity  of  rays  generating  heat 
actually  reaching  the  Earth's  surface  at  the  foot  of  the 
atmosphere  is  less  than  at  the  equator,  in  spite  of  the 
shorter  day  at  the  latter. 

The  clouds  act  as  a  screen  stopping  the  Sun's  rays 
from  reaching  the  Earth  below  them.  There  is  a  gain 
as  well  as  loss,  however,  for  the  atmosphere  acts  as  a 
cloak  to  keep  in  heat  as  well  as  a  screen  to  ward  it  off. 
The  atmosphere  acts  very  like  the  glass  of  a  greenhouse, 
which  lets  the  intense  Sun's  rays  through,  but  stops  the 
exit  of  lower  grade  Earth  rays,  thus  accumulating  heat. 

The  Earth,  too,  sends  out  rays.  Most  of  them  are 
longer  and  slower  than  those  visible  to  our  eyes,  just  the 
ones  most  effectively  stopped  by  the  atmosphere.  The 
Earth  does  not  get  so  much  heated  as  it  would  do  if  it  had 
no  atmosphere  similar  to  the  present  one,  but  at  the  same 
time  it  does  not  get  so  greatly  cooled. 

If  we  were  to  make  a  map  showing  the  annual   distribution  of  heat- 
producing  rays  received  at  the  Earth's  surface  through  a  clear  dry  atmo- 


74  PHYSIOGRAPHY 

sphere,  the  lines  through  places  receiving  the  same  quantity  of  heat-producing 
rays  in  a  year  would  still  be  parallel  to  the  equator,  but  would  steadily 
diminish  in  value  between  that  line  and  the  pole. 

Absorption  and  Radiation  of  Heat  -  producing 
Rays  by  Sea  and  Land. — If  the  surface  of  the  Earth 
were  all  of  the  same  substance,  then  it  would  absorb  the 
same  proportion  of  rays  reaching  it,  and  the  rays  it  radiated 
again  would  be  a  definite  proportion  of  the  amount  it 
received. 

The  Earth,  however,  has  a  water  surface  and  a  land 
surface,  and  the  latter  is  bare  in  some  places,  covered  with 
grass  or  with  trees,  or  with  snow  in  others. 

The  specific  heat  of  land  and  water  differs,  and  each 
different  surface  has  a  different  rate  of  absorbing  and 
radiating  heat.  Water  is  not  so  easily  heated  and  does 
not  part  with  its  heat  so  easily  as  bare  rock ;  while  the 
bare  rock  does  both  more  rapidly  than  grass-covered  land. 
Therefore  the  surface  layers  of  the  oceans  are  less  rapidly 
heated  and  not  so  quickly  cooled  as  those  of  the  land. 

This  has  a  very  great  effect  on  the  atmosphere  above 
the  sea  and  land. 

Heat  and  Temperature. — -Instead  of  measuring  the 
actual  amount  of  heat  reaching  the  Earth's  surface,  we 
usually  measure  its  temperature  (Latin,  tempero,  I  divide 
duly,  or  proportion). 

Temperature  is  not  heat,  but  merely  an  indication  of  a 
body's  condition  as  regards  heat.  If  we  touch  snow,  we 
say  it  is  cold  or  has  a  low  temperature,  because  it  takes 
away  more  heat  from  our  hand  than  it  gives  back  to  us,  and 
gives  us  a  sensation  we  call  cold.  If  we  touch  a  fender  in 
front  of  a  blazing  fire,  we  say  it  is  warm   or  has  a  high 
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temperature,  because  it  gives  our  hands  more   heat  than 

they  give  it.      Temperature  is  measured  by  a  thermometer. 

Measurement  of  Temperature. — Most  substances  expand  when  heated, 
and  contract  when  cooled.  The  amount  of  expansion  or  contraction  may 
be  used  for  measuring  the  increase  or  diminution  of  temperature.  An  instru- 
ment for  measuring  temperature  is  called  a  thermometer  (Greek,  thermos. 
heat,  and  mctron,  a  measure).  Mercury  is  the  substance  most  used  foi 
thermometers,  because  of  its  almost  regular  expansion 
with  regular  increments  of  heat,  and  because  it  remains 
liquid  at  all  ordinary  temperatures.  The  mercury  is 
enclosed  in  a  glass  tube  through  which  it  is  visible,  and 
glass  has  the  further  advantage  of  also  expanding  and 
contracting  regularly,  but  to  a  much  smaller  extent 
than  mercury.  The  mercury  thermometer  is  made 
as  follows : — A  glass  tube  with  a  very  fine  uniform 
bore  is  closed  at  one  end  and  the  heated  extremity  is 
blown  into  a  bulb.  The  bulb  is  again  heated  to  drive 
part  of  the  air  out  of  it,  and  the  open  end  of  the 
tube  is  dipped  in  mercury,  which  is  sucked  into  the 
bulb  as  the  air  inside  it  cools  and  contracts.  When 
the  bulb  and  part  of  the  tube  are  filled,  the  mercury 
in  them  is  boiled,  and  then  the  open  end  of  the  tube 
is  closed.  The  tube  now  contains  only  mercury  and 
vapour  of  mercury.  The  thermometer  is  plunged  into 
melting  ice,  and  the  permanent  position  of  the  mercury 
in  the  tube  is  marked.  This  is  called  the  Freezing 
point.  The  mercury  is  next  put  into  the  steam  coming 
from  boiling  water  at  ordinary  atmospheric  pressure, 
and  the  point  the  mercury  reaches  in  the  tube  is  again 
marked.  This  is  called  the  Boiling  point.  The  dis- 
tance between  boiling  point  and  freezing  point  is  next 
marked  off  into  degrees.  In  a  Centigrade  thermometer 
100  divisions  are  made,    the   freezing  point   is  called  Fig.  i'6. 

0  degrees  and  the  boiling  point  100  degrees,  written 

0°  C.  and  100°  C.  In  Fahrenheit's  scale  the  distance  between  the  freezing 
and  boiling  point  is  divided  into  180  divisions.  Fahrenheit  thought  that  a 
mixture  of  snow  and  salt  gave  the  lowest  temperature,  and  he  plunged  his 
thermometer  into  this  mixture  of  snow  and  salt,  and  found  that  there  were 
32  divisions  below  freezing  point  of  water,  hence  he  marked  the  freezing 
point  32  degrees  and  the  boiling  point  212  degrees,  written  32°  F.  and 
212°  F.  Temperatures  below  0°  F.  are  often  observed  in  winter  in  cold 
northern  lands.  Mercury,  however,  freezes  at  -  39°  F.  For  low  temper- 
atures coloured  alcohol  is  substituted  for  it,  but  for  ordinary  purposes 
mercury  is  preferable  to  alcohol,  which  vaporises  much  more  readily. 


CHAPTER  VII 

THE  TEMPERATURE  OF  THE  ATMOSPHERE 

Horizontal  Distribution  of  Temperature. — The  Sun 

is  constantly  pouring  its  rays  on  to  the  outside  of  the  part 
of  the  Earth's  atmosphere  turned  towards  it.  These  pass 
into  the  atmosphere,  some  being  arrested  on  the  way 
through  it,  the  proportion  being  greater  as  the  rays  have  a 
greater  distance  to  traverse  from  the  outer  edge  of  the 
atmosphere  to  the  inner  layer  touching  sea  or  land.  The 
water  in  the  atmosphere  also  acts  as  a  powerful  barrier  to 
the  Sun's  rays. 

The  Sun's  rays  that  penetrate  the  atmosphere  are 
differently  received  by  the  land  and  water  surfaces  on 
which  it  rests.  By  the  land  they  are  absorbed  largely ; 
by  the  sea  to  a  less  extent.  This  is  shown  by  the  fact 
that  the  sea  reflects  the  Sun's  rays  far  more  than  an 
ordinary  land  surface  does.  The  solar  heat  received  by 
the  land  is  all  stored  up  in  a  few  inches  depth,  and  its 
surface  is  therefore  at  a  higher  temperature  than  the 
surface  of  the  sea,  which,  by  its  transparency,  permits  the 
heat  received  to  diffuse  through  a  considerable  depth. 

A  slow  radiation  of  dark  heat  rays  constantly  goes  on 

more    quickly   from    land,    less  quickly   from    sea.      This 

radiation   is  most  obvious  at  night,  when  the  Sun  is  not 
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shining  and  sending  its  radiations,  which  mask  those  given 
off  hy  the  Earth,  which,  however,  radiates  all  the  time  the 
Sun  is  shining  as  well  as  when  it  is  dark. 

The  air  is  mainly  heated  and  cooled  by  contact  with 
the  Earth's  surface,  and  not  directly  by  the  Sun's  rays 
passing  through  it.  Hence  we  find  that  as  a  rule  it  is 
warmest  at  the  Earth's  surface,  and  is  colder  farther  and 
farther  away  outwards  from  it.  In  this  the  air  temperature 
follows  the  same  law  as  the  temperature  of  the  solid  Earth, 
which  grows  less  and  less  outwards  from  the  centre.  We 
must  remember  that  the  heat  of  the  Earth  itself  prevents  the 
temperature  of  its  outer  crust  falling  below  a  certain  point. 
But  this  temperature  is  a  low  one,  and  we  owe  to  the  Sun's 
abundant  rays  the  warmth  which  makes  this  globe  habitable. 

The  distribution  of  land  and  water  greatly  affects  the 
heat  absorbed  by  the  Earth  from  the  Sun.  The  sea  absorbs 
and  parts  with  heat  more  slowly  than  the  land,  and  we  do 
not  find  the  temperature  of  the  air  above  the  sea  subjected 
to  the  same  extremes  as  that  over  the  land.  When  we 
combine  this  with  the  seasonal  changes  in  our  relations  to 
the  Sun's  rays,  we  can  see  how  the  distribution  of  land  and 
water  may  determine  milder  or  extremer  temperatures. 

In  winter  the  air  over  the  sea  is  warmer  than  that 
over  the  land,  and  in  summer  the  air  is  cooler  over  the  sea 
than  over  the  land. 

When  we  consider  the  mean  or  average  temperature 
for  the  year,  these  extremes  over  the  land  neutralise  each 
other  to  a  great  extent,  for  the  excess  of  summer  tempera- 
ture above  the  mean  is  balanced  by  the  defect  of  the  winter 
temperature  below  it,  and  on  the  whole  the  lines  of  equal 
temperatures  are  found  to  run  parallel  to  the  lines  of  latitude. 
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We  have  spoken  of  mean  or  average  temperature  for  the  year.  This  is 
simply  the  sum  of  the  mean  or  average  temperature  for  each  day  of  the 
year  divided  by  the  number  of  days  in  the  year.  Tlie  mean  or  average 
temperature  of  the  day  is  obtained  in  several  ways.  It  is  often  taken  to  be 
the  mean,  i.e.  half  the  sum,  of  the  highest  and  lowest  temperatures  recorded 
in  a  day  by  maximum  and  minimum  thermometers.  If  during  a  winter 
night  the  temperature  fell  to  26°  *8  F.  and  through  the  day  it  rose  to  38°  "6  F., 
the  mean  temperature  would  be  (26°  8  +  38°"6)  -=-2  =  320,7  F.  This  is  not 
quite  the  true  mean  for  the  day  but  very  near  it. 

Vertical  Distribution  of  Temperature. — Although  we 
live  at  the  bottom  of  the  ocean  of  air,  it  is  important  for 
us  to  know  something  of  the  conditions  of  the  atmosphere 
above  us.  There  are  several  ways  of  doing  this.  We  may 
avail  ourselves  of  the  peaks  that  rise  in  the  air,  and  make 
permanent  or  temporary  observatories  on  the  mountain 
tops.  From  mountain  and  low  level  observatories  we  learn 
that  on  an  average  the  temperature  of  the  air  diminishes 
about  1°  F.  every  300  feet  of  ascent  from  the  bottom  of 
the  atmosphere.  This  rate  is  greater  in  summer  and  less 
in  winter.      It  also  varies  with  latitude. 


HEIGHT  IN  FEET  WHERE  THE  MEAN  TEMPERATURE  IS  32°  F. 


Place. 

Latitude. 

January. 

July. 

Year. 

Andes,  Quito 

0° 

16,750 

16,750 

16,750 

N.W.  Himalaya  . 

32° 

9,200 

18,700 

15.400 

Etna,  Sicily 

37°  44' 

7,550 

13,450 

10,500 

Pike's  Peak,  Colorado  . 

38    50' 

3,775 

16,300 

10,500 

Pyrenees 

42°  57' 

4,430 

12,925 

8,140 

E.  Alps 

47= 

0 

10,500 

6,725 

Ben  Nevis   . 

56°  47' 

210 

6,560 

4,100 

The  table  above  gives  the  height  at  which  the  mean  temperature  is  that 
of  melting  ice  at  different  parts  of  the  world.  The  influence  of  land  and 
sea  on  temperature  is  very  marked  in  the  cases  of  Etna  and  Pike's  Peak, 
which  are  in  about  the  same  latitude,  and  have  the  mean  annual  temperature 
of  32°  F.  at  the  same  height.  In  the  case  of  Pike's  Peak,  which  is  in  the 
heart  of  the  North  American  continent,  the  freezing  point  is  found  at  mucb 
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lower  levels  in  winter  and  at  much  higher  levels  in  summer  than  in  the  case  of 
Etna,  whose  base  is  washed  by  the  sea.  On  the  top  of  Ben  Nevis  (4400  feet)  in 
summer  the  temperature  is  above  the  freezing  point.  In  winter  it  is  just  above 
the  freezing  point  at  its  base,  and  under  it  at  the  base  of  the  Eastern  Alps. 

Balloons  have  made  occasional  ascents  into  the  upper 
air,  and  records  have  been  brought  back  of  the  meteoro- 
logical conditions  there.  Nowadays  kites  are  often  used. 
It  is  found  that  a  series  of  kites  arranged  in  tandem  will 
carry  up  a  set  of  meteorological  instruments  to  great 
heights  (over  two  miles  above  the  Earth's  surface).  These 
observations  in  balloons  and  kites  show  that  the  descent  of 
temperature  is  not  quite  proportional  to  the  distance  a  point 
is  from  the  Earth's  surface.  Between  6000—13,000  feet, 
where  clouds  are  common  and  much  heat  is  liberated  owing 
to  the  condensation  of  water  vapour,  it  diminishes  slowly. 
Above  13,000  feet  the  temperature  falls  with  greater 
rapidity,  sometimes  as  much  as  1°  F.  in  every  200  feet. 

The  Determinants  of  the  Temperature  of  a  Place. — 
The  temperature  of  a  place  is  related  to  its  latitude  and  to 
its  altitude.  The  change  of  temperature  with  height,  1°  F. 
in  300  feet,  is  much  greater  than  that  with  latitude.  At 
the  sea-level  in  temperate  latitudes  the  temperature  falls 
about  1°  F.  every  1°  of  latitude  nearer  the  pole,  i.e.  over 
1200  times  as  slowly  as  with  height. 

As  the  distribution  of  land  and  sea  affects  the 
temperature,  the  nearness  of  a  place  to  the  coast  must 
also  be  considered.  The  direction  of  the  prevalent  wind  and 
the  nature  of  the  surface  over  which  it  blows  are  of  great 
importance.  In  our  islands  south-westerly  winds  bring  mild 
weather  in  winter,  as  they  come  over  the  warm  sea ;  but 
NE  or  N  winds  approaching  from  frozen  lands  or  from  a 
relatively  cool  sea  chill  the  air.      The  exposure  of  a  place  is 
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also  of  importance.  A  bouse  in  a  sheltered  nook  is  warmer 
than  one  perched  on  the  hillside  exposed  to  the  prevailing 
winds ;  one  built  on  a  hillside  facing  south  has  more  sun- 
shine and  is  warmer  than  one  facing  north. 

There  are  therefore  a  number  of  factors  which  influence 
the  temperature  of  a  place,  but  by  far  the  most  important 
are  its  height  above  the  sea-level,  and,  next,  its  latitude. 

Isotherms. — A  line  drawn  through  all  places  having  the  same  tempera- 
ture is  called  an  isotherm  (Greek,  isos,  equal,  and  thermos,  heat).     Over  the 


Fig.  44. — Contrast  between  N  and  S  Slopes  at  Noon. 

ocean  the  isotherms  of  different  values  roughly  run  parallel  to  the  lines  of 
latitude.  If  the  land  were  of  uniform  level  and  composition  like  the  sea, 
this  would  be  true  for  it.  But  it  is  in  many  places  hilly  or  mountainous, 
and  the  temperature  varies  rapidly  with  height,  much  more  than  with 
latitude.  Isotherms  drawn  over  the  land  would  more  or  less  follow  the 
lines  of  equal  height  above  the  sea-level,  and  an  isotherm  map  would  to  a 
certain  extent  correspond  with  an  ordinary  contoured  map  showing  height. 

We  can  calculate  with  considerable  accuracy  the  change  of  temperature 
due  to  height,  which  we  have  seen  amounts  to  about  1°  F.  for  every  300 
-feet.  Supposing  all  temperature  observations  were  reduced  to  sea-level  by 
having  1°  F.  added  for  every  300  feet  that  the  place  at  which  they  were 
made  lies  above  the  sea,  then  the  temperatures  for  all  places  would  cease 
to  show  the  influence  of  height,  but  would  still  show  the  effect  of  latitude, 
nearness  to  sea,  and  exposure. 
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Isotherms  might  now  be  drawn,  and  would  give  a  picture  of  the  distribu- 
tion of  temperature  on  a  flat  land.  The  isotherm  maps  shown  in  most 
atlases  are  based  on  temperatures  corrected  for  height.  They  therefore  show 
mainly  the  influence  of  latitude,  distance  from  the  sea,  and  prevalent  winds. 

Heat  Belts. — We  may  divide  the  world  into  heat 
belts,  just  as  we  divided  it  into  belts  of  light.  Long  ago, 
before  temperatures  were  regularly  measured,  the  heat 
belts  were  considered  the  same  as  the  light  belts.  The 
belt  between  the  tropics  was  called  the  Torrid  Zone,  those 
between  the  tropics  and  the  polar  circles  the  Temperate 
Zones,  and  the  two  polar  caps  the  Frigid  Zones.  But  the 
heat  belts  do  not  quite  agree  with  these  divisions,  although 
they  do  not  differ  greatly. 

The  line  showing  the  highest  mean  temperature  for 
the  year  we  may  call  the  Heat  Equator.  The  hot  belt, 
where  the  mean  monthly  temperature  never  falls  below 
68°  F.,  is  as  wide  as  the  inter-tropical  light  belts.  It  is 
widest  where  there  is  most  land  to  get  greatly  heated,  in 
regions  where  the  day  is  never  much  short  of  twelve  hours, 
and  the  noonday  Sun  is  always  nearly  overhead.  The 
oceans  here  are  not  so  much  heated  as  the  land,  and  the 
hot  belt  is  therefore  narrower  over  them. 

The  temperate  belts  lie  between  the  hot  belt  and  the 
cold  caps  that  surround  the  polar  regions.  The  cold 
caps  may  be  bounded  by  the  lines  of  50°  F.  for  the  warm- 
est month.  Unless  the  temperature  rises  higher  than  this 
during  one  month,  cereals  and  trees  cannot  be  cultivated ; 
and  this  is  the  reason  for  choosing  this  line  as  the  polar 
boundary  of  the  temperate  belt,  and  the  equatorial  one  of 
the  cold  caps. 

Each  temperate  belt  may  be  divided  into  two, — a  cool 
belt  and  a  warm  belt, — the  former  bordering  the  cold  capa 
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and  the  latter  the  hot  belt.  It  is  never  very  cold  in  the 
warm  belt,  where  ice  and  snow  are  practically  unknown  at 
the  sea-leveL  In  <ihe  cool  belt,  ice  and  snow  are  common 
every  winter 

Each  temperate  belt  is  widest  over  the  oceans,  where 
che  hot  belt  is  narrowest  and  the  equatorial  limit  of  the 
cold  cap  is  nearest  the  pole.  It  is  narrowest  over  the 
land  where  both  the  hot  and  the  cold  belts  are  widest. 
All  these  variations  are  due  to  the  greater  readiness  for 
absorbing  and  radiating  heat  possessed  by  the  land  as  com- 
pared with  the  ocean. 

The  influence  of  the  distribution  of  land  and  water  on 
that  of  temperature  is  readily  seen  when  we  look  at  Aus 
tralia.  In  summer  the  isotherms  are  run  more  or  less 
parallel  to  the  coast,  and  are  of  higher  value  the  farther 
inland  we  go  from  any  coast  towards  the  centre.  In 
winter  the  isotherms  lie  more  nearly  parallel  to  the  lines 
of  latitude,  but  if  we  go  inland  from  either  the  east  or 
the  west  coast  we  find  the  temperature  slowly  diminishes. 

Hitherto  we  have  been  considering  the  mean  annual 
temperature.  But  these  temperature  belts  move  with  the 
Sun,  so  that  the  polar  limits  of  the  hot,  warm,  and  cool 
belts  are  found  nearest  the  equator  in  winter  and  farthest 
from  it  in  summer. 


CHAPTER   VIII 

THE  WINDS  AND  THE  PRESSURE  OF 
THE  ATMOSPHERE 

The  Cause  of  the  Winds. — We  have  now  learned 
how  the  Sun  affects  the  atmosphere  by  changing  its 
temperature.  When  the  atmosphere  is  warmed  or  cooled, 
its  condition  alters,  just  as  other  substances  are  altered 
by  being  warmed  and  cooled.  Like  most  substances,  air 
when  warmed  tends  to  expand,  and  when  cooled  it  tends 
to  contract.  The  air  over  a  heated  part  of  the  Earth's 
surface  is  heated  by  it  and  expands ;  but,  if  it  is 
prevented  from  expanding,  its  pressure  increases.  A 
mass  of  air  over  a  part  of  the  Earth's  surface  that  is 
cooled,  is  cooled  by  it  and  contracts ;  if  it  is  kept  from 
contracting,  its  pressure  diminishes. 

In  a  cold  winter  day  when  a  bright  fire  is  burning  in  the  grate,  if  we 
open  the  window  a  current  of  cold  air  rushes  into  the  room.  We  call  it  a 
draught,  and  might  name  it  a  wind.  The  fire  heats  the  air  in  the  chimney, 
which  expands,  and  becomes  less  dense  as  it  can  freely  expand  up  the 
chimney.  Air  is  forced  out  at  the  top  of  the  chimney,  and  gradually  a 
current  of  heated  air  passes  out  of  the  vent.  Air  to  replace  it  rushes  to  the 
fire,  and  this  air  is  taken  from  the  room,  where  the  pressure  of  the  air 
diminishes,  and  fresh  air  enters  from  outside.  When  the  window  is 
opened,  the  air  in  the  room  is  much  less  dense  (as  it  has  been  heated  and 
expanded  and  part  has  moved  up  the  chimney)  than  that  outside  which 
rushes  in. 

This  may  be  taken  as  roughly  typical  of  the  cause  of  all  winds.  The 
denser  air  tends  to  pass  to  regions  where  it  is  less  dense,  until  equilibrium  is 
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attained.    If  there  is  a  permanent  cause  rarefying  the  air  in  any  region,  there 
will  be  a  permanent  rush  of  air  to  that  region. 


I 


Wind  and  Pressure. — Wind,  then,  is  simply  a  move- 
ment of  the  atmosphere  from  a  region  where 
the  pressure  is  higher  to  a  region  where  it  is 
lower.  It  is  an  attempt  of  the  atmosphere 
to  find  rest.  As  the  temperature  conditions 
vary  from  minute  to  minute,  from  day  to  day, 
from  season  to  season,  the  atmosphere  is  ever 
active,  and  never  in  equilibrium.  Here  and 
there  for  a  short  time  calms  may  occur,  and 
in  five  areas,  we  have  seen,  they  are  com- 
mon enough  to  give  these  areas  the  names — 
the  Doldrums,  or  Equatorial  calms,  the  calms 
of  Cancer  and  Capricorn,  the  calms  of  the 
Arctic  and  Antarctic  regions. 

The  Barometer. — As  there  is  air  above 
and  around  us,  it  is  pressing  on  us  in  all 
directions.  This  pressure  of  the  air  can  be 
measured.  Let  us  fill  a  tube  closed  at  one 
end  with  liquid  such  as  mercury,  and  then 
turn  the  tube  upside  down  and  let  it  stand 
in  a  vessel  filled  with  the  same  liquid.  The 
air  is  not  pressing  inside  the  tube  at  the 
closed  end,  but  is  pressing  on  the  surface  of 
the  liquid  in  which  the  tube  is  standing ;  the 
liquid  in  the  tube  is  found  not  to  fall  out  of  it  into  the 
vessel,  but  to  remain  standing  in  the  tube  above  the  level 
of  the  liquid  in  the  vessel.  The  surface  of  the  mercury 
in  such  a  tube  closed  at  the  top  stands  about  30  inches 
above  the  surface  of  that  in  the  open  vessel.      When  water 


Fig.  47. 
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is  used,  the  two  surfaces  are  about   33   feet  apart.      Sucli 
an  instrument  is  called  a  weight  measurer,  or  barometer. 

The  Barometer. — The  pressure  of  the  atmosphere  can  he  measured  in 
various  ways.  The  commonest  form  of  harometer  (Greek,  baros,  weight, 
and  mctron,  a  measure)  is  the  mercurial  one.  A  glass  tuhe  closed  at  one 
end,  and  about  33  to  34  inches  long,  and  at  least  about  a  quarter  of  an  inch 
in  diameter,  is  filled  with  pure  mercury,  and  the  end  is  closed  and  the  tube 
inverted  in  a  vessel  containing  mercury.  The  substance  closing  the  tube  is 
then  removed,  and  the  mercury  falls  in  the  tube  to  about  30  inches  above 
the  level  of  the  mercury  in  the  open  vessel.  The  tube  therefore  contains 
mercury  and  a  little  mercury  vapour,  and  great  care  must  be  taken  that  no  air 
or  moisture  gets  in.  It  is  customary  to  measure  the  pressure  by  the  height  of 
this  column  of  mercury  about  the  level  of  the  mercury  in  the  open  vessel.  The 
pressure  of  the  air  at  the  free  surface  of  the  mercury  is  balanced  by  the 
pressure  of  the  mercury  and  its  vapour  inside  the  tube.  If  the  pressure  of 
the  air  increases,  then  the  height  of  the  column  of  mercury  in  the  tube 
increases  ;  and  if  the  pressure  of  the  air  diminishes,  then  the  height  of  the 
column  of  mercury  in  the  tube  also  diminishes. 

It  is  of  course  inconvenient  to  use  a  measuring  rod  every  time  the 
barometer  has  to  be  read,  and  accordingly  different  arrangements  are  made 
for  reading  the  barometer.  In  one  arrangement,  an  ivory  point  touches  the 
surface  of  the  mercury  in  the  cistern,  and  the  distance  of  this  point  in  inches 
or  millimeters  is  indicated  on  a  scale  fixed  to  the  tube.  The  mercury  in  the 
open  vessel  is  raised  or  lowered  by  means  of  a  screw  which  moves  a  flexible 
leather  bottom  of  the  cistern  until  the  mercury  just  touches  the  ivory  point. 
When  this  is  adjusted,  the  top  of  the  column  of  mercury  is  read  from  the 
scale,  which  indicates  its  exact  height  upon  the  ivory  point.  The  vernier  is 
used  in  reading  the  barometer.     (See  Chap.  II.) 

The  Pressure  of  the  Air. — When  a  barometer  is 
taken  up  a  hill,  it  is  found  that  the  height  of  the  mercury 
in  the  tube  gets  lower  and  lower  the  higher  it  is  taken. 
The  air  therefore  presses  less  and  less  on  the  open  surface 
of  the  mercury.  There  is  less  air  above  the  barometer 
and  hence  the  weight  of  the  air  is  less  and  the  total 
pressure  on  the  exposed  surface  of  the  mercury  is  less  than 
at  the  foot  of  the  hill. 

On  the  top  of  Ben  Nevis  in  Scotland,  at  4407  ft. 
above  the  level  of  the  sea,  the  height  of  the  mercury  in 
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the  barometer  is  found  to  average  25-30  in.;  whereas  at 
Fort-William  at  the  foot  of  the  mountain,  42  ft.  above 
sea-level,  the  average  height  is  29*86  in.  From  this  we 
conclude  that  the  pressure  measured  by  a  mercurial 
barometer  diminishes  at  the  rate  of  1  in.  for  approxi- 
mately 960  ft. 

If  we  take  in  round  numbers  the  rate  of  decrease  of  pressure  with  height 
at  1  in.  per  1000  ft.,  then,  as  the  average  pressure  at  sea-level  is  about  30 
in.,  half  the  atmosphere  must  lie  below  15,000  ft.,  and  none  exist  above 
30,000  ft.  But  the  rate  of  decrease  of  pressure  is  not  quite  so  regular,  and 
is  slower  at  greater  heights. 

Neglecting  temperature  effects,  we  may  say  that  if  the  barometer  falls 
from  30  to  29  in.  for  the  first  1000  ft.  of  rise,  it  will  fall  one-thirtieth  of 
its  height  at  the  beginning  of  each  1000  ft.  when  raised  that  1000  ft. 

Pressure,  Temperature,  and  Volume  of  a  Gas. — It  has  already  been 
stated  that  the  air,  like  most  other  substances,  expands  when  heated  and 
contracts  when  cooled.  If  we  consider  the  air  in  a  cubic  foot,  the  effect  of 
heating  it  is  to  make  it  occupy  more  than  a  cubic  foot.  If  we  wish  to  keep 
the  heated  air  within  a  cubic  foot,  pressure  must  be  used  to  do  this.  So  that, 
if  we  keep  the  volume  of  air  constant  and  increase  the  temperature,  we  also 
increase  the  pressure. 

This  can  be  illustrated  by  filling  a  bladder  or  an  indiarubber  ball  full  of 
outside  air  on  a  cold  winter  day  and  then  bringing  it  indoors  and  placing  it 
near  a  fire.  The  bladder  or  ball  swells,  and  may  even  burst  owing  to  its 
sides  not  being  strong  enough  to  withstand  the  increase  of  pressure  put 
upon  them  when  the  air  inside  is  heated  and  is  not  free  to  expand,  owing  to 
the  resistance  of  the  sides  of  the  bladder  or  of  the  ball. 

If  the  pressure  is  kept  the  same,  the  air  expands  by  a  definite  proportion 
of  its  volume  for  every  degree  its  temperature  is  raised  ;  and  if  air  is  allowed 
to  expand  but  the  pressure  kept  constant,  then  the  temperature  of  the  air  is 
raised. 

If  the  temperature  is  kept  constant  and  the  air  is  compressed  into  a 
smaller  volume,  then  its  pressure  is  increased.  When  the  temperature  is 
not  allowed  to  alter,  it  is  found  that  the  volume  of  a  fixed  mass  of  air 
diminishes  exactly  in  proportion  to  the  increase  of  pressure,  and  vice  versd. 
If  the  pressure  on  a  given  mass  of  air  is  reduced  one-half,  then  its  volume 
becomes  twice  as  great.     This  law  is  called  Boyle's  law,  after  its  discoverer. 

Sea  and  Land  Breezes. — These  laws,  relating  to 
changes  of  temperature,  pressure,  and  volume  of  air,  are  of 
great  importance. 
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We  can  now  explain  what  we  observe  on  an  almost 
calm  summer's  day  by  the  seaside.      In  the  afternoon  a 
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Fig.  48. 


slight  breeze  usually  blows  from  the  sea  to  the  land,  and 
at  night  the  breeze  is  found  to  blow  the  opposite  way,  from 
the  land  to  the  sea.     Eemembering  that  the  land  is  more 
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quickly  heated  by  the  Sun's  rays  than  the  sea,  we  know 
that  its  surface  becomes  warmer  than  that  of  the  sea 
during  the  day.      At  night  the  surface  of  the  land  parts 
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with  its  heat  more  rapidly  than  the  surface  of  the  sea,  and 
soon  becomes  cooler. 

The  air  when  heated  expands  if  the  pressure  is  not 
changed,  or  if  it  is  not  allowed  to  expand  it  possesses  a 
greater  pressure.      In  the  atmosphere  the  air  usually  can 
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Fig.  50. — Sea  Breeze.     Pressure  Conditions  near  the  Surface  by  Day. 
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expand,  and  it  does  so  most  freely  upwards.  The  solid 
lines  of  Fig.  50  represent  the  pressure  in  the  early 
morning,  and  the  dotted  lines  that  later  in  the  day  when 
the  full  effect  of  the  Sun's  heat  has  been  felt. 

This    explains    land    and    sea    breezes.       During    the 
morning,  the  land  warms   more  rapidly  than  the  water. 
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and  the  warmed  air  over  the  land  expands  upward ;  and 
the  pressure  aloft  rises  over  the  land  more  than  it  does 
over  the  water.  Therefore  the  air  aloft  over  the  land 
begins  to  flow  off  towards  the  sea,  and  the  pressure  rises 
immediately  over  the  sea  while  it  falls  immediately  over 
the  land.  Hence  a  lower  current  of  air  is  set  up  at  the 
surface  flowing  from  sea  to  land.  This  is  the  sea  breeze. 
(Of.  Figs.  48  and  50.) 

At  night  as  the  land  cools  more  rapidly  than  the  sea, 
the  air  over  the  land  contracts  more  rapidly  than  that 
over  the  sea,  and  there  is  a  lower  pressure  in  the  atmo- 
sphere aloft  over  the  land  than  aloft  over  the  sea.  Aloft, 
then,  a  current  sets  in  from  over  the  sea  to  over  the  land, 
and  the  surface  pressure  of  the  air  over  the  land  rises  and 
that  over  the  sea  falls.  A  surface  current  blows  from 
land  to  sea,  which  is  known  as  the  land  breeze.1  (Cf. 
Figs.  49  and  51.) 

In  Fig.  50  the  pressure  near  the  surface  is  shown  by 
day,  and  in  Fig.  51  the  pressure  at  night.  The  straight 
lines  show  the  pressure  in  the  morning  and  evening  when 
the  conditions  are  changing  from  night  to  day  and 
from  day  to  night,  during  the  time  when  there  is  no 
breeze. 

Seasonal  Winds. — What  is  true  for  regions  near  the 
coast  every  day,  is  true  for  the  great  land  and  water  areas 
during  the  year.  In  summer  the  land  is  more  heated  than 
the  ocean,  and  the  air  above  it  expands  mainly  upwards, 
the  pressure  is  lowered,  and  surface  winds  flow  in  on  all 


1  Modified   from   Prof.    Harm's   Climatology,    translated   by    R,   de    C. 
Ward.     (Macmillan.) 
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sides,  while  the  uplifted  air  flows  outwards  at  higher  levels. 
In  winter  the  reverse  occurs,  the  pressure  is  greater  over 
the  cold  lands  than  over  the  warmer  ocean,  and  the  surface 
winds  blow  seawards,  while  the  upper  winds  flow  from  over 
the  warmer  sea  to  over  the  colder  land. 

Look  at  the  maps  of  the  winds  in  January  and  July. 
In  the  Old  World  in  January  the  winds  are  directed  from 


Fig.  55. 

land  to  sea,  in  July  from  sea  to  land.  In  Australia  in 
January,  the  austral  summer,  the  winds  on  tht  whole  blow 
towards  the  land;  and  in  July,  the  austral  winter,  they 
blow  towards  the  sea.  The  winds  which  change  in  this 
way  with  the  season  are  called  monsoon  winds. 

Mountain  Winds. — The  explanation  of  the  winds 
which  blow  up  the  mountain  sides  by  day  and  down  the 
mountain  sides  at  night  is  similar  to  that  of  land  and  sea 
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breezes.  When  the  sides  of  a  mountain  are  heated  by  the 
Sun,  the  air  above  is  heated  and  expands.  A  relatively 
high  pressure  is  thus  formed  aloft,  and  a  relatively  low 
one  near  the  surface.  At  the  level  of  the  top  of  the 
mountain  the  air  over  the  valley  floor  is  at  a  higher 
pressure  than  that  at  the  summit,  and  the  air  moves 
towards  the  mountain.  This  also  happens  lower  down, 
where  the  air  over  the  heated  surface  is  expanding  and 
tending  to  rise.  The  joint  effect  is  to  move  the  air  over 
the  surface  as  an  upward  breeze.  (See  Fig.  54,  where  the 
solid  line  represents  the  pressure  in  the  early  morning 
when  there  is  no  breeze  before  the  surface  is  heated  by  the 
Sun,  and  the  dotted  line  the  pressure  after  the  surface 
has  been  heated.) 

At  night  the  reverse  happens.  The  heavier  cold  air 
sinks  to  the  surface,  and  down  the  surface  to  the  valley 
floor  and  out  from  the  valley  to  the  plain.  (See  Fig, 
55,  where  the  solid  line  represents  the  pressure  in  the 
evening  where  there  is  no  breeze,  and  the  dotted  line 
shows  the  pressure  at  night  after  the  surface  has  beeu 
cooled  by  radiation.) 


CHAPTER   IX 

THE  COMPOSITION  OF  THE  ATMOSPHERE 

The  atmosphere  is  composed  of  two  gases,  nitrogen  and 
oxygen,  with  traces  of  others,  especially  carbon  dioxide  or 
carbonic  acid  gas,  as  well  as  a  varying  quantity  of  water 
in  all  its  various  states — vapour,  liquid,  and  solid — and 
particles  of  floating  dust. 

By  pure  dry  air  we  mean  a  mixture  of  nitrogen  and 
oxygen  gases  in  the  proportion  of  four  to  one  by  volume. 

The  oxygen  of  the  atmosphere  is  the  gas  that  most 
interests  us,  because  we,  as  well  as  all  other  living  things, 
animal  and  plant,  constantly  breathe  it,  and  without  it  we 
cannot  live.  The  process  of  breathing  diminishes  the  oxygen 
in  the  atmosphere,  for  we  inhale  oxygen,  but  exhale  carbon 
dioxide.  Green  plants  in  the  sunshine,  however,  in  addition 
to  breathing,  actually  consume  this  carbon  dioxide,  and 
exhale  oxygen.  In  this  way  the  stock  of  carbon  dioxide 
produced  in  breathing  is  used  up,  and  the  stock  of  oxygen 
used  up  in  breathing  is  replenished. 

It  is  found  that  the  proportion  of  oxygen  to  nitrogen,  which  is  not  used 
up  and  remains  constant,  does  not  alter  in  the  open  air.  and  is  practically 
the  same  at  all  parts  of  the  atmosphere  where  the  quantities  of  the  two  have 
been  measured.  The  proportion  of  carbon  dioxide  is  very  small,  about 
1  :  2500  of  the  whole  atmosphere,  and  also  remains  nearly  constant  to  the 
amount  of  nitrogen. 

Atmospheric   nitrogen   has   been   found   to  weigh    heavier    than    pure 
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nitrogen,   and  it  has  been  discovered  that  this  is  due  to  the  presence  of 
another  inactive  gas  called  argon,  which  forms  about  1  per  cent,  of  dry  air. 

TABLE  SHOWING  THE  PERCENTAGE  COMPOSITION  OF 
DRY  AIR  BY  VOLUME  AND  MASS. 


Nitrogen  and  Argon 
Oxygen   . 

Carbon  Dioxide        . 
Ammonia  Compounds 


Percentage 
Volume. 


79-02 

20-94 

0-04 

traces 


Percentage 

Mass. 


76-84 

23-10 

0-06 

traces 


The  water  is  the  unstable  part  of  the  atmosphere.  It 
is  constantly  changing  in  quantity  and  in  condition.  Sc 
important  is  it  that  we  must  devote  two  chapters  to  con- 
sider the  role  played  by  water  on  the  Earth's  surface. 


CHAPTER   X 

WATER  IN  LAND,  OCEAN,  AND  AIR 

The  Water  Cycle.  —  Showers  of  rain  are  very 
common  in  our  country,  but  in  towns  we  seldom  think 
of  them  except  as  disagreeable  experiences,  although  the 
farmer  often  welcomes  them. 

The  rain  is  obviously  a  wetting  liquid,  and  when 
tested  is  found  to  be  water.  Where  does  this  water  come 
from  ?  Dark  heavy -looking  clouds  usually  move  over  us 
as  the  rain  falls.  The  rain  comes  from  these  clouds.  If 
we  walk  up  a  hillside  until  we  are  in  the  cloud,  we  find 
ourselves  still  in  the  rain,  but  also  surrounded  by  a  dense 
and  very  wetting  mist.  If  we  could  climb  still  higher,  until 
we  got  out  of  the  mist  again,  as  can  sometimes  be  done  on 
mountains  like  Ben  Nevis  or  Snowdon,  we  should  find 
ourselves  out  of  the  rain  and  out  of  the  mist,  and  looking 
down  on  a  white  cloud.  The  mist,  as  we  call  a  cloud 
when  we  are  in  it,  is  made  up  of  small  drops  of  water. 

The  water  vapour  in  the  air  when  chilled  becomes 
visible  as  cloud,  and  may  fall  as  rain. 

The  rain  wets  all  the  surface  of  the  ground,  and 
gathers  into  runlets  which  rush  to  join  the  brooks  and 
swell  their  waters.  The  brooks  run  into  the  rivers,  and 
the  rivers  into  the  sea. 

•8 
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If  we  bicycle,  we  soon  discover  that  exposed  roads  dry 
up  more  rapidly  after  a  shower  of  rain  than  sheltered 
ones,  and  that  the  same  road  dries  more  quickly  in  windy 
than  in  calm  weather.  The  water  does  not  all  run  away  in 
streamlets.  Some  of  it  is  evaporated  and  passes  into  the 
air  again  as  vapour.      The  wind  blowing  over  a  wet  road 


Fig.  56. 

carries  away  the  vapour  as  it  is  formed,  whereas  on  a 
sheltered  road  it  does  not  do  this,  and  the  layers  of  air 
over  the  road  soon  get  saturated,  that  is,  as  full  of  water 
vapour  as  they  can  hold.  After  this  happens  no  more 
can  be  taken  up,  and  the  road  remains  wet. 

On  our  bicycle  trips  we  also  notice  that  some  parts  of 
a  road  dry  more  quickly  than  others,  although  there  is  no 
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difference  in  slope  or  exposure  between  them.  When  we 
come  to  compare  these  parts  more  carefully,  we  find  that 
they  are  different  in  their  nature.  Some  parts  are  more 
porous  than  others,  and  the  water  can  sink  through  the 
surface  layers  of  those  more  quickly  than  through  the 
surface  layers  of  the  more  impervious  parts. 

Eain  water  then  partly  evaporates,  partly  runs  off  as  a 
surface  stream  to  the  sea,  and  partly  passes  underground. 
Ultimately  this  latter  is  evaporated  or  reaches  the  sea  ; 
but  its  movement  will  be  described  later. 

There  is  therefore  a  cycle  of  water  changes  continually 
going  on,  from  sea  to  cloud  and  from  cloud  to  sea.  The 
water  on  the  Earth's  surface  is  constantly  being  evapor- 
ated ;  the  vapour  permeates  the  atmosphere  where  it 
is  condensed,  and  may  float  as  a  cloud  or  fall  as  rain 
or  snow  to  the  Earth.  Another  cycle  of  water  changes 
goes  on  beneath  the  solid  surface  of  the  Earth.  Water 
thus  permeates  the  atmosphere  and  the  solid  crust  of 
the  Earth,  as  well  as  gathers  in  the  hollows  of  the  latter. 
The  changes  it  undergoes  are  brought  about  by  heating 
and  cooling  and  the  constant  action  of  giavity.  It  is  sus- 
ceptible to  every  alteration  in  the  Sun's  movements,  and 
is  the  most  powerful  agent  in  effecting  change  on  the 
Earth's  surface.  Water  may  be  looked  on  as  the  life-blood 
of  the  Earth's  outer  crust,  moving  everywhere,  but  always 
returning  to  the  great  ocean  reservoir,  whence  it  issues  once 
more  free  of  all  impurities. 

Water  is  therefore  peculiar  among  the  substances 
common  on  the  Earth's  surface,  in  that  it  can  be  found  as 
solid,  liquid,  and  vapour  at  temperatures  that  are  com- 
monly   experienced    there.     As    a    liquid   it   fills   up   the 
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hollows  of  the  Earth's  crust,  and,  as  we  have  seen,  covers 
live-sevenths  of  the  Earth's  surface.  As  a  vapour  it  pene- 
trates the  atmosphere  above  the  solid  and  liquid  layers  of 
the  Earth's  crust.  As  a  solid  it  covers  part  of  the  land 
with  a  mantle  of  snow  and  ice,  which  is  only  slightly 
mobile  compared  with  liquid  water. 

The  changes  from  solid  to  liquid  and  vapour  are 
brought  about  by  heating,  and  the  changes  from  vapour 
to  liquid  and  solid  by  cooling.  Heating  and  cooling 
go  on  at  all  places  on  the  Earth's  surface,  and  in  the 
air  above,  so  that  the  water  is  constantly  being  modified. 
At  the  sea-level  in  the  hot  belt  the  water  is  not  cooled 
enough  to  become  solid.  This  is  also  true  for  much  of 
the  warm  belt ;  but  in  the  cold  belts  and  at  considerable 
elevations  in  the  other  belts  water  is  cooled  sufficiently  to 
become  solid,  especially  during  the  winter  half  of  the  year. 

Everywhere,  however,  the  Sun's  rays  are  acting  on  the 
surface  of  the  water,  liquid  or  solid,  causing  it  to  evaporate, 
and  this  vapour  floats  invisibly  in  the  air.  The  tempera- 
ture of  the  air  diminishes  from  the  surface  of  water  and 
land  upwards,  and  when  the  vapour  reaches  a  layer  where 
it  is  sufficiently  cooled  it  becomes  liquid  again,  and  may 
even  solidify  to  hail  or  snow.  The  liquid  and  solid  particles 
of  water  in  the  air  are  visible  as  clouds. 


CHAPTER   XI 

WATER  AND  DUST  IN  THE  AIR 

The  Water  in  the  Air. — During  the  day  the  Sun's 
rays  pour  down  on  the  surface  of  the  sea.  The  radiations 
are  arrested  by  the  water,  whose  particles  are  stirred  by 
these  waves  from  the  Sun.  The  surface  layers  are  so 
affected  that  some  visible  liquid  water  becomes  invisible 
vapour.  This  water  vapour  gradually  penetrates  upwards 
into  the  air,  and  if  the  Sun  constantly  shone  and  the  air 
were  perfectly  still  there  would  be  an  atmosphere  of  water 
or  aqueous  (Latin,  aqua,  water)  vapour  as  well  as  of  pure 
dry  air,  whose  pressure  would  gradually  diminish  the 
farther  it  was  measured  above  the  sea-level. 

This  ideal  condition,  however,  does  not  exist.  The 
Sun  does  not  always  shine,  the  air  is  not  perfectly  still. 
Ultimately  the  water  vapour  is  cooled  either  by  ascending 
into  colder  regions  than  those  where  it  was  formed,  or  by 
mixing  with  a  colder  layer  of  the  atmosphere.  The  cooling 
brings  about  condensation,  and  a  cloud  of  water  particles  is 
formed. 

We  imagine  the  effect  of  heating  a  substance  is  to  make  the  particles 
or  molecules  (a  diminutive  of  the  Latin  moles,  a  mass)  that  compose  it  to 
become  less  compacted  together,  and  the  effect  of  cooling  to  be  that  they 
grow  more  compact.  We  notice  that  most  things  expand  when  heated  and 
contract  when  cooled. 
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If  we  heat  a  piece  of  ice  until  it  melts,  the  temperature  of  the  melting 
ice  remains  at  the  freezing  point,  no  matter  how  much  heat  is  used,  until 
all  the  ice  is  changed  into  liquid  water,  when  the  temperature  of  the  liquid 
immediately  rises  as  more  and  more  heat  is  used.  The  heat  used  in 
changing  ice  to  water  we  call  latent  (Latin,  laf.eo,  I  lie  hid)  heat,  and  it  is 
all  used  in  altering  the  compact  arrangement  of  water  particles  or  molecules 
in  ice  to  the  looser  arrangements  of  those  molecules  in  liquid  water.  An 
equal  quantity  of  heat  is  given  out  when  liquid  water  is  frozen  to  solid  ice. 
Similarly,  latent  heat  is  absorbed  when  a  liquid  changes  to  a  vapour  or  gas, 
and  is  given  out  when  a  gas  or  vapour  is  altered  to  a  liquid. 

As  the  vapour-laden  air  ascends  it  expands,  for  the  pressure  it  supports 
becomes  less  and  less.  This  requires  an  expenditure  of  energy  which  is> 
obtained  from  the  vibrations  of  the  molecules,  which  become  less  and  less. 
The  temperature  of  the  air  diminishes. 

For  every  given  mass  of  water  vapour  in  a  cubic  meter  or  cubic  foot  of 
air  there  is  a  temperature  below  which  the  molecules  of  water  vapour  tend 
to  come  together  and  form  drops  of  liquid.  The  air  is  then  said  to  be 
saturated  (Latin,  satur,  full)  with  water  vapour.  Conversely,  for  every 
temperature  there  is  a  definite  mass  of  water  vapour  which  will  completely 
saturate  a  cubic  meter  or  foot  of  the  atmosphere,  and,  should  the  tempera- 
ture be  lowered  below  this  point,  the  vapour  begins  to  condense  into  a 
liquid. 

At  a  certain  elevation,  therefore,  ascending  vapour-laden  air  is  so  cooled 
that  it  is  saturated  with  water  vapour.  If  the  air  still  ascends,  further 
cooling  causes  the  condensation  of  part  of  the  water  vapour  into  little  drops 
of  water. 

Some  of  the  heat  needed  to  supply  the  energy  raising  the  vapour-laden  air 
is  supplied  from  the  latent  heat  liberated  when  the  vibrating  molecules  of 
water  vapour  become  less  active  in  the  drops  of  liquid.  The  temperature  of 
the  whole  mass  therefore  falls  much  more  slowly  when  water  vapour  is 
being  condensed  to  a  liquid  than  it  did  before  the  saturation  temperature 
was  reached. 

When  the  air  descends,  its  temperature  is  increased.  Here  we  have  no 
complication  due  to  changes  in  the  state  of  water  in  the  air,  except  when 
we  consider  the  case  of  a  cloud  sinking. 

When  a  cloud  sinks  sufficiently  for  the  temperature  of  its  lowest  layer  to 
become  higher  than  the  saturation  point,  then  evaporation  begins,  and  the 
heat  needed  for  this  is  supplied  by  the  additional  descent  of  the  cloud. 
There  must  be  a  level,  however,  where  the  water  is  all  vapour  and  the 
temperature  is  higher  than  the  point  of  saturation.  This  will  be  the  bottom 
of  the  visible  cloud. 

The  particles  in  a  cloud  all  tend  to  sink  owing  to  the 
action  of    gravity.      We   must  not  think   of    a    cloud    as 
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a  mass  of  permanent  water-drops  moving  along  as  a  whole. 
We  must  think  of  a  cloud  as  made  up  of  drops  of  water 
which  are  constantly  moving  about  among  each  other,  and 
are  all  slowly  falling.  All  ultimately  reach  the  lowest 
layer  of  the  cloud  and  there  evaporate,  and  their  places  are 
taken  by  new  drops  from  above,  a  constant  supply  of  these 
being  formed  on  the  upper  layer  of  the  cloud. 

At  great  heights  the  vapour  is  condensed  into  the 
minute  ice  crystals  of  which  snowflakes  are  composed ; 
the  outgiving  or  intaking  of  heat  is  greater  in  such  cases 
than  in  the  case  of  water  clouds,  but  the  phenomena  of 
condensation  and  evaporation  are  essentially  the  same. 

How  does  rain  fall  if  the  particles  at  the  lower 
boundary  of  a  cloud  are  constantly  being  evaporated  ? 

As  long  as  the  drops  are  very  small  they  have  a  small 
mass  and  a  relatively  large  surface,  but  when  several  unite 
together  the  mass  of  the  new  drop  is  the  same  as  the  sum 
of  the  masses  of  the  little  drops  that  form  it ;  but  the 
surface  of  the  new  drop  has  not  increased  in  this  propor- 
tion, and  so  the  resistance  to  its  falling  under  the  action  of 
gravity  is  not  so  great  as  the  sum  of  the  resistances  that 
kept  the  smaller  drops  from  falling  rapidly.  There  is  a 
greater  mass  and  a  relatively  less  resistance  to  its  falling, 
and  so  the  greater  rain  drop  sinks  more  rapidly  through  the 
cloud  than  the  smaller  ones.  Such  a  mass  of  water  has  a 
relatively  smaller  surface  over  which  evaporation  can  take 
place.  Hence  the  drop  can  pass  through  the  air  which  is 
not  saturated  with  vapour,  and  reach  the  Earth  as  rain, 
before  it  is  evaporated. 

Ice  crystals  also  fall  to  the  Earth  when  the  temperature 
of  the  air  is  below,  or  not  very  much  above,  the  freezing  point 
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In  warm  weather  we  sometimes  have  hail  showers, 
where  the  water  drops  are  solid.  In  this  case  the  rain  drop 
has  been  chilled  during  its  journey  to  the  Earth  sufficiently 
to  solidify  it. 

Measurement  of  Moisture. — The  water  vapour  in  the  air  may  be 
measured  by  drying  the  air  by  drawing  it  through  tubes  containing 
pumice  stone  and  sulphuric  acid,  which  absorbs  the  moisture,  and  finding 
the  increase  of  weight  due  to  this  process  for  every  cubic  meter  of  air  drawn 
through  the  tubes. 

It  is  commonly  measured  by  putting  a  fine  piece  of  muslin  round  the 
bulb  of  a  thermometer  and  keeping  this  muslin  constantly  wet.  The  water 
evaporates,  and  part  of  the  heat  required  to  evaporate  the  water  is 
obtained  from  the  thermometer,  whose  temperature  accordingly  is  lowered. 
The  difference  between  the  reading  of  this  wet  bulb  thermometer,  as  it  is 
called,  and  that  of  a  dry  bulb,  is  an  indication  of  the  humidity  of  the  air. 
The  drier  the  air  the  more  rapid  the  evaporation  will  be,  and  the  greater 
the  lowering  of  the  temperature  of  the  wet  bulb  below  that  of  the  dry. 
Tables  have  been  constructed  whereby  the  amount  of  water  vapour  in  the 
air  can  be  calculated  from  these  readings. 

Another  instrument  is  the  condensation  hygrometer  (Greek,  hygros,  wet, 
and  metron).  In  this  instrument  a  polished  surface  in  close  contact  with 
the  thermometer  is  cooled  until  dew  is  deposited  on  it.  This  indicates  the 
temperature  at  which  the  air  is  saturated,  or  the  dew  point.  The  amount  of 
vapour  in  saturated  air  at  all  temperatures  has  been  ascertained,  so  that  the 
reading  of  the  thermometer  in  the  condensation  hygrometer  indicates  the 
amount  of  water  vapour  in  the  air. 

Human  hairs  and  many  other  organic  substances  contract  and  expand 
with  increase  or  decrease  of  moisture,  and  are  used  to  make  moisture 
indicators  or  hygroscopes  (Greek,  hygros,  wet,  and  skopeo,  I  view). 

Proportion   of  Water  Vapour   in   the  Air.  —  The 

amount  of  water  vapour  in  the  air  is  not  constant,  and  the 
amount  that  the  air  can  hold  depends  on  the  temperature. 

Knowing  the  quantity  of  vapour  in  a  cubic  foot  or  meter,  we  can  com- 
pare it  with  the  amount  the  air  could  hold  if  it  were  saturated.  This 
fraction  expressed  in  percentages  is  called  the  relative  humidity  (Latin, 
humeo,  I  am  moist).  The  relative  humidity  is  of  great  consequence  if  we 
desire  to  know  whether  rain  is  likely  to  fall  or  not. 

In  summer,  when  the  temperature  is  high,  the  air  can  hold  much  more 
water  as  vapour  than  in  winter,  when  it  is  low.  The  absolute  humidity,  or 
total  mass  of  water  vapour  in  the  air,  may  be  twice  as  much  in  summer  as 
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in  winter,  and  yet  the  relative  humidity  be  lower,  and  the  chance  of  rain 
less  in  the  former  than  in  the  latter. 

In  winter,  the  air  in  temperate  and  polar  latitudes  cannot  hold  very 
much  water  compared  with  what  it  can  in  summer.  Air  over  regions 
near  the  sea  is  usually  well  supplied  with  water  vapour,  and  the  amount 
diminishes  from  the  sea  inland. 

Forms  of  Clouds. — If  a  cloud  is  formed  immediately 
above  the  ground,  we  call  it  a  fog  or  mist.  When  the 
particles  of  water  are  very  very  small,  we  can  walk  through 
this  low-lying  cloud  without  getting  wet,  and  we  call  it  a 
dry  fog ;  but  if  the  particles  are  a  little  larger  and  we  are 
wetted  when  passing  through  the  cloud,  we  call  it  a  mist 
or  wet  fog. 

Clouds  are  composed  of  water  drops  or  snow  flakes  float- 
ing in  the  air  above  us.  They  are  found  at  all  levels 
from  the  ground  upwards  to  a  height  certainly  over  five 
miles. 

In  a  hot  summer  day  we  often  see  great  dome-like 
clouds  formed  in  the  sky,  which  resemble  great  packs  of 
wool,  and  are  called  wool-pack  or  cumulus  clouds  (Latin, 
cumulus,  a  heap). 

In  contrast  to  these  heaped-up  cloud  domes  we  often 
see  flat  uniform  layers  of  cloud  which  are  called  stratus 
clouds  (Latin,  stratum,  from  sterno,  I  spread  out). 

At  great  heights  even  in  summer  the  temperature  is 
very  low,  and  the  clouds  are  formed  of  ice  crystals,  as 
balloon  travellers  who  have  passed  through  them  have 
found  out.  Such  lofty  snow  clouds  form  the  delicate  wisps 
of  cloud  that  we  see  across  a  blue  sky.  They  are  known 
as  cirrus  clouds  (Latin,  cirrus,  a  curl). 

There  are  many  intermediate  forms  of  cloud.  The  mackerel  sky  is  one 
regularly  dotted  with  little  cloud  heaps  ;  they  float  at  a  great  height,  and 
are  called  cirro-cumulus  clouds. 
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When  the  fine  wisps  of  cirrus  clouds  become  more  compact  and  gather 
into  layers,  they  are  called  cirro-stratus  clouds. 

We  often  see  in  our  country  clouds  darker  than  the  bright  cumulus,  yet 
not  so  flat  and  regular  in  appearance  as  the  stratus.  These  are  called 
cumulo-stratus  clouds. 

A  cloud  from  which  rain  is  falling  is  called  a  nimbus 
cloud  (Latin,  nimbus,  a  rain  cloud). 

The  blueness  of  the  sky  is  supposed  to  be  due  to  the 
presence  of  water  vapour  and  dust  in  the  air,  for  the  heavens 
become  darker  when  the  air  is  very  dry,  and  also  when  we 
climb  up  high  mountains  above  most  of  the  layers  of  water 
vapour  and  dust. 

Dust,  Haze,  City  Fogs. — There  is  one  other  visible 
substance  in  the  atmosphere, — and  that  is  dust.  The  small 
dust  particles  are  not  individually  visible ;  but  in  hot 
summer  weather,  when  they  are  numerous,  they  cause  a 
haze,  especially  over  plains  and  in  valleys.  The  dust 
particles  in  a  haze  may  be  coated  with  water.  In  many 
large  cities  there  is  a  permanent  haze  owing  to  the  very 
great  number  of  dust  particles,  mainly  sent  out  by  myriad 
chimneys  into  the  air,  but  also  rising  from  the  streets, 
especially  in  dry  weather. 

It  has  been  found  that  water  vapour  condenses  much 
more  readily  when  there  are  many  dust  particles  in  the  air. 
Indeed  it  is  possible  to  go  out  in  an  almost  dustless  atmo- 
sphere which  is  saturated  with  water  vapour  and  get  quite 
wet,  although  there  is  no  trace  of  fog  or  rain.  Vapour 
readily  condenses  on  clothes  and  other  solids.  Had  there 
been  many  dust  particles  in  air  so  saturated,  a  mist  would 
have  been  visible. 

Independently  of  the  dust  particles  acting  as  centres 
round  which  water  vapour  will  more  readily  condense,  they 
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also  act  as  cold  centres  which  promote  condensation, 
especially  in  winter,  when  parting  with  heat  rays  is  more 
important  than  taking  them  in.  In  towns  where  much 
smoke  is  produced  and  the  air  is  often  nearly  saturated 
with  water  vapour,  dense  fogs  often  occur  in  winter.  The 
London  fogs  are  notorious,  and  appear  to  be  growing  worse 
as  the  city  increases  in  size  and  the  number  of  dust 
particles  sent  out  into  the  air  grows. 

These  are  all  consequences  of  the  fact  that  dust 
particles  being  solids  and  not  gases,  like  the  bulk  of  the 
atmosphere,  can  absorb  and  radiate  heat  in  greater  quantities 
than  the  air  they  float  in. 

The  Distribution  of  Cloud  and  Rain. — The  map 
on  p.  109  shows  the  distribution  of  rainfall.  Speaking 
generally,  we  can  say  thab  where  the  rainfall  is  heavy  the 
cloudiness  is  usually  great.  Rainfall  includes  rain  and  all 
other  forms  of  water  precipitated  on  the  surface  of  the 
Earth  out  of  the  atmosphere. 

The  annual  map  shows  that  most  rain  falls  in  equatorial 
regions,  on  the  east  coasts  from  the  equator  to  the  polar 
circles,  as  well  as  on  the  west  coasts  of  India  and  Burma, 
and  all  temperate  lands  north  of  latitude  30°  N  and  south 
of  latitude  30°  S. 

Least  rain  falls  within  the  polar  circles,  in  the  interiors 
of  the  continents  except  near  the  equator,  and  the  western 
portions  of  regions  near  the  two  tropics. 

This  distribution  of  rain  has  a  direct  connection  with 
that  of  the  winds. 

The  rains  of  the  equatorial  area  we  can  readily  explain. 
The  air  is  ascending,  and  as  it  rises  higher  and  higher  it 
becomes  colder  and  colder,  and  the  water  vapour  is  soon 
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condensed  into  liquid  and  falls  as  rain.  On  the  loftiest 
mountains  near  the  equator,  such  as  Kenya  in  Africa  and 
Chiniborazo  in  South  America,  the  cold  is  sufficient  to 
freeze  water,  and  snow  falls  instead  of  rain  on  their  higher 
slopes,  and  makes  them  white  all  the  year  round.  The 
line  of  permanent  snow,  above  which  snow  covers  the  ground 
at  all  seasons,  is  about  three  miles  above  sea-level  at  the 
equator. 

The  trade  winds  blowing  over  the  seas  bring  rain  to 
regions  where  the  height  is  sufficient  to  force  them  up  into 
higher  levels.  As  long  as  they  descend  or  blow  parallel 
to  the  surface  they  do  not  bring  rain,  for  they  are  moving 
towards  the  heat  equator,  from  colder  to  warmer  regions. 
Therefore  they  can  hold  more  and  more  water  in  the  form 
of  vapour  as  they  advance,  unless  they  are  cooled  through 
being  forced  upwards  into  regions  where  it  is  colder.  The 
rapid  diminution  of  temperature  with  height  is  of  great 
importance  in  causing  rain,  whereas  the  very  slow  fall  of 
temperature  towards  the  poles  is  not  of  great  consequence 
as  a  rain-producing  agent. 

An  excellent  illustration  of  the  effect  of  the  height  of 
the  land  on  rainfall  in  a  trade  wind  region  is  seen  in  the 
north  of  South  America.  In  winter,  over  the  flat  llanos 
of  the  Orinoco,  very  little  rain  falls,  but  over  the  terraced 
highlands  of  the  Guianas  heavy  rains  occur,  as  the  map  for 
January  shows. 

Where  the  trade  winds  blow  from  the  land  little  rain 
falls.  Immediately  west  of  the  eastern  coastal  mountains, 
therefore,  for  about  10°- 15°  on  each  side  of  both  tropics, 
rain  is  very  scanty.  These  are  the  great  desert  regions  of 
the  world.     The  Sahara  in   Africa,  the  deserts  of  Arabia 
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and  Persia,  of  Southern  California,  of  Peru  and  Chile,  the 
Kalahari  desert,  and  the  Australian  desert,  all  lie  in  these 
regions. 

In  Asia  the  deserts  of  Western  Turkestan  and  Mongolia 
are  more  than  1000  miles  from  the  sea,  except  in  the 
south  and  the  east,  where  the  winds  are  deflected  upwards 
hy  mountains,  on  whose  outer  slopes  nearly  all  their  water 
vapour  is  precipitated. 

In  the  temperate  regions  the  westerly  winds  prevail, 
and  the  western  coasts  are  the  wet  ones.  Contrast 
Western  British  Columbia  with  Labrador,  Western  Europe 
with  Eastern  Siberia,  and  Western  South  America  south  of 
about  35°  S  with  Eastern  Patagonia,  or  the  west  and  east 
of  Tasmania  and  New  Zealand,  especially  in  winter. 

Even  in  our  own  islands  this  contrast  is  well  illustrated. 
In  the  west  there  are  abundant  clouds  and  rain,  while  to  the 
east  of  the  mountains  there  are  clear  skies  and  little  rain- 
fall. Over  80  inches  of  rain  are  measured  at  many  of  the 
western  stations  in  Britain,  while  few  have  less  than  40 
inches  in  the  year.  In  the  east,  on  the  other  hand,  hardly 
any  place  has  a  rainfall  of  more  than  30  inches,  and  many 
districts  have  less  than  25  inches  in  the  year. 

Within  the  polar  circles  little  rain  or  snow  falls,  for 
the  air  can  hold  little  water  vapour,  and  only  perhaps  in 
Greenland  and  in  the  austral  polar  lands,  of  which  we 
know  next  to  nothing,  is  the  land  high  enough  to  cause 
heavy  snowfall.  But  even  here  the  ascent  of  air  causes 
little  water  to  fall  as  rain  or  snow  compared  with  a  similar 
ascent  at  the  equator. 

Take  the  case    of   Spitsbergen,   80°  N,   and   Borneo   on   the  equator. 
The  mean  annual  temperature  at  the  former  is  20°  F.,  at  the  latter  a  little 
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over  80°  F.     A  cubic  foot  of  saturated  water  vapour  at  Spitsbergen  contains 
1"3  grain  of  water,  at  Borneo  11  grains. 

Suppose  the  air  over  both  were  to  be  raised  9000  feet,  the  temperature 
would  fall  30°  F.  At  -10°  F.  a  cubic  foot  of  saturated  vapour  holds  but 
0"34  grain,  and  at  50°  it  holds  4"1  grains.  At  Spitsbergen  0'96  grain  of 
water  could  be  precipitated  from  every  foot  of  saturated  water  vapour  cooled 
30°  F.,  but  at  Borneo  6 '9  grains  per  cubic  foot,  more  than  seven  times  as 
much,  would  fall  for  the  same  amount  of  cooling.1 

The  higher  the  temperature  of  the  saturated  water 
vapour  before  it  begins  to  cool,  the  greater  will  be  the  pre- 
cipitation of  rain  on  cooling  the  vapour  to  the  same  extent. 

This  partly  explains  why  most  rain  falls  over  the 
land  in  summer,  as  is  illustrated  in  the  maps  for  January 
and  July.  The  air  can  hold  much  more  water  as  vapour 
in  summer  than  in  winter.  In  summer  over  the  land  the 
air  on  the  whole  is  rising,  and  it  is  cooled  as  it  rises,  and 
part  of  the  water  is  precipitated.  The  winds  in  summer, 
too,  blow  from  sea  to  land,  and  so  a  steady  supply  of  water 
vapour  is  sent  inland  at  this  season. 

In  winter,  on  the  other  hand,  the  winds  blow  towards 
the  sea,  and  are  dry  winds,  and,  even  when  they  are  de- 
flected upwards,  as  happens  in  the  plains  of  India,  up  the 
sides  of  the  Sulaiman  Mountains,  the  relatively  low  tem- 
perature makes  the  rainfall  very  slight  compared  with  that 
of  the  warm  summer  months  in  the  hills  south  of  Assam. 

Round  Quetta  about  1  foot  of  rain  falls  in  a  year,  and  at  Cherrapunji  in 
the  Khasi  Hills  nearly  40  feet,  and  the  average  fall  over  the  southern  slopes 
of  these  hills  is  over  14  feet. 

The  relative  warmth  of  the  sea  and  the  relative  cold- 
ness of  the  land,  which  rapidly  cools  and  condenses  the 
vapour-laden  winds  passing  inland,  allowing  only  a  slight 

1  This  is  an  imaginary  condition,  near  enough  the  truth  to  illustrate  the 
pcint. 
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proportion  of  water  to  remain  in  the  atmosphere  as  vapour, 
explain  why  the  westerly  storm  winds  bring  rain  to  the 
west  coasts  of  the  temperate  zones  in  winter,  and  why  it 
is  confined  to  a  coastal  zone.  Even  the  mountains  of 
temperate  latitudes  at  this  time  of  year  do  not  receive 
much  rain  unless  they  are  on  the  coast.  They  stand  out 
on  the  rainfall  map  iargely  because  of  the  heavy  rains 
precipitated  on  them  during  the  summer  half  of  the  year, 
when  there  are  many  ascending  air  currents. 

The  rainy  and  rainless  belts  move  north  and  south 
with  the  sun  as  the  heat  and  wind  belts  do.  Many  parts 
of  the  hot  belt  have  two  cloudy  and  rainy  seasons,  and  two 
clear  and  dry  ones. 

The  summer  monsoons  are  great  rain-bringers,  for  they 
have  travelled  over  much  sea  before  reaching  the  land,  and 
are  heavily  charged  with  water  vapour.  In  monsooE 
regions  there  is  only  one  rainy  season,  usually  near  the 
height  of  summer.  Compare  India  and  Eastern  Asia  in 
July  and  January. 

Dew  and  Hoar-frost. — Water  is  also  deposited  on  the 
ground  as  dew.  Dew  is  a  deposit  of  water  on  the  surface 
of  the  Earth,  not  due  to  rain  or  to  the  transpiration  of 
plants.  If  we  breathe  against  a  pane  of  glass,  the  warm 
water  vapour  in  our  breath  is  condensed  to  dew. 

When  the  temperature  is  so  low  that  the  vapour  is  con- 
densed into  a  solid,  it  is  called  hoar-frost. 

How  is  dew  formed  ?  Water  vapour  must  be  present 
in  the  first  place,  and  in  the  second  the  temperature  of  the 
ground  must  be  lowered  before  it  can  be  deposited. 

The  temperature  of  the  Earth's  surface  is  usually 
lowered  by  radiation  on  a  still  clear  night,  and  the  water 
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vapour  in  contact  with  it,  which  may  be  in  layers  of  air 
above  the  soil  or  in  the  air  among  the  soil,  becomes  chilled 
until  it  forms  on  the  ground  as  liquid  dew.  Solid  hoar- 
frost is  formed  when  the  dew  point  is  lower  than  the 
freezing  point. 

Wind  prevents  the  formation  of  dew,  by  constantly 
renewing  the  air  in  contact  with  the  ground,  and 
evaporating  any  dew  that  may  form.  Clouds  hinder  the 
formation  of  dew,  for  they  prevent  radiation,  and  conse- 
quently the  cooling  of  the  surface  necessary  for  its  formation. 
A  clear  calm  night  is  most  favourable  for  the  formation 
of  dew. 

The  temperature  at  which  dew  begins  to  form,  or  the 
dew  point  as  it  is  called,  is  the  same  as  that  at  which 
the  atmosphere  of  water  vapour  becomes  saturated.  If 
the  temperature  of  the  ground  falls,  dew  is  formed.  If 
the  temperature  of  the  air  falls,  rain  drops  are  formed. 

The  condensation  hygrometer,  described  on  p.  105,  is  used  for  determin 
ing  the  dew  point. 


CHAPTEK   XII 

CLIMATE  AND  WEATHER 

By  weather  we  mean  the  current  condition  of  the  atmo- 
sphere, sunshine,  temperature,  pressure,  winds,  clouds,  and 
rain. 

By  climate  we  mean  the  average  weather  as  ascer- 
tained by  many  years'  observations.  Climate  also  takes 
into  account  the  extreme  weather  experienced  during  that 
period.  Climate  is  what  on  an  average  we  may  expect 
weather  is  what  we  actually  get. 

Climate  Provinces. — The  world  may  be  divided  into 
a  number  of  climate  provinces.  The  heat  belts  divide  the 
world  into  great  climatic  zones,  and  these  can  be  further 
subdivided  by  considering  the  variations  of  temperature 
and  the  rainfall.  Over  the  ocean  the  temperature  varies 
little  between  day  and  night,  and  from  season  to  season. 
In  the  hearts  of  the  continents  the  daily  and  seasonal 
ranges  of  temperature  are  both  very  great.  The  climate 
over  the  oceans  is  therefore  very  equable,  the  climate  in 
the  hearts  of  the  continents  is  very  extreme.  Sometimes 
the  equable  climate  is  called  an  oceanic  or  maritime 
climate,  and  the  extreme  climate  a  continental  or  land 
climate.     The   terms   equable   and   extreme,  however,  are 

better. 
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Along  each  climate  zone  there  is  a  gradual  transition 
from  the  equable  climate  over  the  ocean  to  the  extreme 
climate  in  the  hearts  of  the  continents,  but  the  east  coasts 
of  the  continents  have  a  much  more  extreme  climate  than 
the  west  coasts  in  the  temperate  belt. 

In  the  hot  belt  the  climate  is  always  warm,  and  the 
extremes  of  temperature  are  not  great. 

The  rainfall  is  the  most  important  element  in  deter- 
ming  the  subdivisions  of  the  climatic  belts. 

The  polar  cold  caps  are  also  relatively  dry  regions. 
The  cool  belt  may  be  divided  into  the  oceanic  and  the 
western  coastal  regions,  where  the  temperature  is  equable 
and  the  rain  falls  at  all  times  of  the  year,  but  on  the 
whole  heaviest  in  autumn  and  winter ;  the  eastern  coastal 
belt,  where  the  temperature  range  is  greater  but  the 
rainfall  smaller  than  the  western  coastal  belt ;  and  the 
continental  regions,  which  have  smaller  rains  and  great 
extremes  of  temperature. 

The  warm  belts  have  also  equable  oceanic  and  coastal 
regions.  The  eastern  coastal  region  differs  from  the  western 
in  having  a  slightly  greater  range  of  temperature  and  a 
very  much  greater  rainfall,  the  maximum  occurring  in  the 
summer  months,  when  the  trade  winds  are  strongest.  The 
western  coastal  region  is  dry  most  of  the  year,  but  towards 
its  polar  limits  has  winter  rains,  due  to  the  west  wind 
area  reaching  nearer  the  equator  at  that  season.  The 
continental  region  has  extreme  temperatures  and  summer 
rains,  which  become  less  and  less  the  more  removed  the 
place  is  from  the  coast ;  but  in  the  north-west,  on  the 
limits  of  the  western  coastal  region,  winter  rains  fall. 

The  hot  belt  is  hot,  moist,  and  equable  all  the  year 
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round  except  towards  its  outer  limits,  where  both  the 
temperature  and  the  rainfall  show  considerable  seasonal 
variations. 

Weather. — Hitherto  we  have  considered  the  average 
movements  of  the  atmosphere  and  their  consequences. 
These  average  movements  are  made  up  of  numerous  minor 
movements. 

Between  the  tropics,  where  the  climate  is  equable,  the 
weather  is  regular — one  day  is  like  another.  Along  the 
coasts  land  breeze  and  sea  breeze  alternate  with  day  and 
night,  but  elsewhere  the  wind  blows  steadily  in  one  direc- 
tion for  weeks  at  a  time.  The  year  may  be  divided 
into  seasons,  distinguished  as  wet  and  dry,  but  during 
the  wet  or  dry  season  the  weather  conditions  are  much  the 
same  from  day  to  day,  and  only  at  the  change  from  ont 
season  to  another  is  there  any  irregularity. 

At  the  change  of  seasons  great  disturbances  occur. 
These  are  known  as  hurricanes  in  the  West  Indies  and  in 
the  Pacific,  except  in  the  China  Seas,  where  they  are  called 
typhoons,  and  in  the  Indian  Seas  they  are  known  as 
tropical  cyclones.  These  are  great  swirls  in  the  atmo- 
sphere, which  move  onward  at  a  considerable  rate.  The 
winds  blow  spirally  inwards  with  great  speed  and  force 
towards  the  centre  of  the  swirl,  the  centre  of  low  pressure, 
in  the  opposite  direction  to  the  movement  of  the  hands  of 
a  watch  in  the  northern,  and  in  the  same  direction  as  watch 
hands  move  in  the  southern  hemisphere. 

In  the  temperate  belt  the  weather  is  conditioned  by  a 
constant  succession  of  atmospheric  swirls.  The  centre  of 
the  swirl  towards  which  all  the  winds  converge  is  a  region 
of   low  pressure,  and  is   known  as    the  centre   of   a  low- 
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pressure  area  or  system,  or  cyclone  or  depression.  The 
region  from  which  all  the  winds  are  diverging  is  one  of 
high  pressure,  and  is  known  as  a  high-pressure  area  or 
system,  or  anti-cyclone.  In  a  high-pressure  system  the 
winds  blow  spirally  outwards  in  the  same  direction  in  the 
northern  and  in  the  opposite  direction  in  the  southern 
hemisphere  as  the  hands  of  a  watch.  The  low-pressure 
systems  move  with  great  rapidity,  usually  from  west  to 
east,  and  are  most  numerous  in  North  America  east  of  the 
Great  Lakes,  and  across  the  North  Atlantic  to  the  British 
Isles  and  Scandinavia.  They  are  also  common  in  similar 
latitudes  in  the  Southern  Oceans. 

A  Depression  over  the  British  Isles.  —  The  two 
diagrams  for  30  th  and  31st  August  show  the  direction  and 
force  of  the  wind  on  two  successive  mornings  as  a  depres- 
sion or  cyclone  approaches,  passes,  and  leaves  the  British 
Isles. 

On  30th  August,  while  the  centre  is  at  the  west  of 
Ireland,  W  winds  are  blowing  at  Valencia,  and  S  winds  in 
the  Irish  Sea,  SE  winds  in  the  north  of  England,  and  east 
winds  in  the  north  of  Scotland. 

The  winds  are  blowing  round  the  centre  of  low  pressure 
in  a  direction  opposite  to  that  of  the  hands  of  a  watch, 
and  if  we  had  observations  from  ships  north-west  of 
Ireland  the  winds  would  be  N,  and  west  of  Ireland  they 
would  be  NW. 

The  next  morning  the  centre  of  low  pressure  lies 
east  of  the  Firth  of  Tay,  and  the  winds  observed  north, 
west,  and  south  of  it  are  shown  on  the  figure.  In  the 
north  they  are  NE,  in  the  west  NW,  in  the  south  SW. 

The  winds  from  the  southern  half  of  the  compass  are 
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the  warmest,  and  the  regions  under  their  influence  have  higher 
temperatures  than  those  in  similar  latitudes  which  are  outside 
it.  The  isotherm  of  60°  F.  skirts  the  west  coast  of  Wales, 
crosses  the  mouth  of  the  Wear  and  north  of  the  Danish 
Islands  on  30th  August.  Brittany  and  all  England  except 
the  south-east  corner  have  temperatures  below  60°. 
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Fig.  61. 


At  8  a.m.  on  30th  August  it  was  raining  in  the  north 
of  Scotland  and  along  the  west  coasts,  showery  over  most 
of  Ireland  and  England,  but  fine  on  the  Continent.  During 
the  next  twenty-four  hours  rain  fell  heavily  in  Scotland, 
and  on  the  morning  of   the   31st  it  was  raining  in  the 
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north  of  Scotland  and  south  of  Norway,  but  showery  only 
at  some  of  the  Irish  and  English  stations. 

The  figure  for  the  4th  April  1893  shows  a  high- 
pressure  system,  whose  centre  lies  almost  over  the  same 
region  as  that  of  the  low-pressure  system  of  the  31st 
August.      When  the  two  figures  are  compared,  it  is  found 


31s.'  August,  1892. 

Fig.  62. 


that  the  winds  are  very  different  in  direction.  Those 
round  the  high-pressure  area  blow  outwards  as  S  winds 
in  the  west,  as  W  winds  in  the  north,  as  E  winds  in  the 
south.  They  are  also  much  gentler,  and  the  circles  with 
a  dot   in  the  centre  represent   calm   air.       This   is  found 
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round  the  centre  of  high  pressure.  The  relative  lightness 
of  the  winds  in  this  high-pressure  system  can  be  deduced 
from  the  isobars  being  so  far  apart,  so  that  the  pressure 
gradient  (the  fall  of  pressure  per  unit  distance)  is  much 
less  than  when  these  isobars  are  crowded  together.      Blue 
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Fig.  63. 


skies  predominate   except  in  the  west  of  Norway,  where 
it  is  cloudy. 

The  isotherm  of  50°  F.  runs  from  the  north-west 
across  Ireland  to  the  south-east,  and  continues  southwards 
east  of  but  parallel  to  the  shores  of  the  Bay  of  Biscay. 
That  of  40°  runs  almost  parallel  to  that  of  50°,  and  crosses 
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the  south-west  of  Scandinavia.  There  is  also  a  small  area 
round  Norfolk  which  has  temperatures  under  40°  R,  and 
here  the  wind  is  from  the  NE,  the  coldest  region  as  indi- 
cated by  the  lie  of  the  isotherms. 

In  winter  high-pressure  conditions,  being  accompanied 
by  descending  air  and  clear  skies,  allow  an  easy  passage  to 
both  earth  radiations  and  solar  radiations.  Hence  they 
tend  to  bring  cold  weather,  and  in  summer  warm  weather, 
except  when  the  centre  of  high  pressure  is  so  situated  that 
the  winds  reach  our  islands  from  the  SW. 

The  problem  of  forecasting  the  weather  consists  in 
foreseeing  the  future  position  of  high  and  low  pressure 
areas.  Once  the  situation  of  these  is  known,  the  weather 
in  and  around  them  can  be  deduced  from  the  known  laws 
of  Meteorology. 


CHAPTER   XIII 

THE  CIRCULATION  OF  THE  ATMOSPHERE 

Surface  Winds  and  Pressure. — If  we  turn  out 
attention  to  the  general  circulation  of  the  atmosphere,  and 
try  to  picture  what  it  would  be  at  the  Earth's  surface 
without  the  modifications  introduced  by  its  consisting  of 
both  land  and  water,  we  distinguish  the  three  wind  zones 
in  each  hemisphere  described  on  pp.  64  and  65.  These 
three  wind  belts  are — (1)  winds  blowing  out  from  the  polar 
regions,  (2)  winds  blowing  towards  the  equatorial  regions, 
and  (3)  between  them  winds  blowing  on  the  whole  from 
west  to  east  but  also  towards  the  poles.  Calm  belts 
occur  at  equator  and  poles  and  near  the  tropics. 

Knowing  winds  blow  from  regions  of  higher  to  those 
of  lower  pressures,  we  should  expect  higher  pressures  round 
the  poles,  lower  pressures  nearer  the  equator,  and  between 
them  a  belt  of  higher  pressure  near  the  tropics  and  of 
lower  pressure  near  the  polar  circles, — as  the  diagram 
shows.  This  is  approximately  the  case,  although  in  the 
northern  hemisphere,  where  land  and  water  are  more 
equally  divided,  this  is  not  so  well  seen  as  in  the  southern, 
where  water  greatly  predominates. 

We  can  partly  explain  this  distribution  of  pressure 
when  we  consider  the  distribution  of  temperatura 
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Bound  the  heat  equator  the  Earth's  surface  and  the 
air  are  constantly  heated  more  than  regions  north  or  south. 
The  air  when  it  is  heated  is  free  to  expand  upwards,  and 
tends  to  give  an  upward  movement  to  it.  The  surface 
air  near  the  heat  equator  supports  a  lower  pressure  than 
that  north  or  south  of  it.  The  denser  air  from  north 
and  south  flows  in,  and  makes  a  horizontal  movement  of 
air  towards  the  heat  equator,  where  the  incoming  surface 
air  is  heated  in  its  turn,  and  can  expand  and  move  only 
upwards.  So  we  can  explain  the  equatorial  calms  where 
there  is  little  horizontal  movement  of  air  but  a  steady 
uprising  of  it,  and  the  blowing  of  winds  from  north  and 
south  to  supply  its  place. 

At  the  cold  caps  the  opposite  effects  take  place.  The 
surface  air  is  more  cooled  and  becomes  denser,  and  tends 
to  sink  to  the  ground,  compared  with  that  nearer  the 
equator.  It  can  push  outwards  in  all  directions  along  the 
surface  towards  the  south  in  the  northern  hemisphere,  and 
towards  the  north  in  the  southern,  where  the  air  is  less 
dense. 

We  should  expect  to  find,  therefore,  the  surface  winds 
blowing  directly  from  the  pole  towards  the  equator, — and 
were  there  no  rotation  and  no  water  this  is  probably 
what  would  happen, — and  the  north-easterly  and  south- 
easterly winds  round  the  north  and  south  polar  regions 
connected  with  the  north-east  and  south-east  trade  winds 
of  the  tropics. 

Three-fifths  of  the  surface  of  our  Earth,  however,  is 
water,  and  water  enters  into  the  air  in  varying  proportions 
at  different  times,  and  is  found  there  in  different  conditions. 
The  water  vapour  is  less  dense  than  dry  air.     The  changes 
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in  the  condition  of  water  vapour  give  rise  to  great  heat 
changes,  which  affect  the  temperature  of  the  whole  air  and 
also  its  pressure,  and  consequently  its  movement.  So  both 
the  quantity  of  water  vapour  in  the  air  and  the  changes 
water  undergoes  in  the  atmosphere  affect  its  pressure,  and 
we  must  consider  the  water  in  the  atmosphere  in  questions 
of  atmospheric  circulation. 

Only  over  the  northern  continents  in  the  summer 
months  do  we  find  the  continuous  diminution  of  pressure 
from  the  cold  pole  to  the  thermal  equator,  at  this  season  far 
north  of  the  geographical  one,  and  this  is  an  indication  of 
what  we  might  expect  to  find  on  a  waterless  Earth. 

In  the  southern  hemisphere,  where  the  surface  is  nearly 
all  water,  we  find  the  brave  west  winds,  with  their  accom- 
panying low  pressures,  form  a  complete  break  between 
the  polar  and  the  tropical  south-easterly  winds.  In  the 
uorthern  hemisphere  similar  breaks  occur  in  the  north  of 
the  Pacific  and  Atlantic  Oceans. 

These  are  the  great  storm  regions  of  the  world,  where  the  pressure  varies 
greatly  not  merely  from  month  to  month  but  from  day  to  day.  The  swirling 
storms  of  wind  and  rain  move  on  across  the  waters  from  west  to  east,  and 
the  temperature  and  pressure,  the  amount  and  physical  condition  of  the 
water  in  the  atmosphere  are  constantly  altering.  The  average  result  is  that 
the  region  is  one  where  the  water  is  relatively  abundant  in  the  atmosphere 
and  the  pressure  is  relatively  low,  although  it  is  difficult  to  say  just  how 
much  the  latter  is  conditioned  by  the  former. 

At  high  elevations  the  influence  of  the  surface  condi- 
tions is  not  felt.  There  is  a  general  movement  of  the 
upper  air  from  west  to  east  except  in  low  latitudes  where 
it  is  from  east  to  west. 

Deflection  of  Winds  due  to  the  Earth's  Rotation.— 
The  surface  winds  do  not  usually  blow  from  north  to  south 
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or  from  south  to  north,  as  we  might  expect  from  the 
distribution  of  pressure  we  have  just  studied.  In  the 
northern  hemisphere  the  trade  winds  come  from  NE,  in 
the  southern  from  the  SE.  The  poleward  motion  of  the 
average  wind  in  the  temperate  regions  of  both  hemispheres 
is  so  little  marked  that  we  call  them  westerly  winds.  We 
find  that  these  pole-seeking  winds  are  deflected  exactly 
in  the  opposite  way  to  those  moving  towards  the  equator. 

In  the  northern  hemisphere  we  also  find  that  the 
winds  are  all  deflected  towards  the  right,  so  that  a  wind 
we  expect  to  blow  from  N  to  S  really  blows  from  NE  to 
SW,  and  one  from  S  to  N  from  SW  to  NE. 

In  the  southern  hemisphere  we  find  that  the  winds  are 
all  deflected  to  the  left,  so  that  a  wind  we  expect  to  blow 
from  S  to  N  really  blows  from  SE  to  NW,  and  one  from 
N  to  S  from  NW  to  SE. 

In  other  words,  if  we  face  the  centre  of  low  pressure 
the  winds  do  not  blow  on  our  backs,  as  we  might  expect, 
but  on  our  left  side  in  the  northern  and  on  our  right  side 
in  the  southern  hemisphere. 

If  the  Earth  were  at  rest  this  could  not  happen,  but 
owing  to  its  rotation  from  west  to  east  this  deflection  of 
the  winds,  to  the  right  in  the  northern  hemisphere  and  to 
the  left  in  the  southern  hemisphere,  is  brought  about. 

The  proof  of  this  can  hardly  be  given  in  an  elementary 
book. 

Seasonal  Movements  of  Wind  System.  —  These 
wind  belts  move  with  the  Sun,  so  that  the  trade  winds 
blow  nearer  the  poles  in  summer  than  in  winter.  Hence 
some  regions  have  west  winds  in  winter  and  trade  winds  in 
summer, — as  the  Mediterranean,  South  Africa,  and  South 
9 
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Australia.  The  heat  equator  and  the  tropical  calms  are 
also  found  in  higher  latitudes  in  the  hemisphere  where  it  is 
summer  than  in  that  where  it  is  winter.  These  facts  are 
shown  very  clearly  on  the  temperature  and  wind  maps  for 
January  and  July,  which  should  be  carefully  compared. 

Where  the  heat  equator  and  equatorial  calms  are  both 
on  one  side  of  the  true  equator,  the  trade  winds  blow 
across  the  equator.  But  in  doing  so  they  change  their 
direction.  A  SE  trade  wind  south  of  the  equator  becomes 
a  SW  wind  north  of  the  equator,  and  a  NE  trade  wind 
north  of  the  equator  becomes  a  NW  wind  south  of  the 
equator,  owing  to  the  deflection  due  to  the  Earth's  rotation 
being  to  the  right  in  the  northern  and  to  the  left  in  the 
southern  hemisphere.  (See  the  wind  maps  for  January 
and  July.)  There  are  thus  some  regions  of  the  world 
where  the  wind  blows  as  a  NE  or  SE  trade  wind  in  winter, 
but  as  a  SW  or  NW  wind  in  summer.  Such  winds  are 
known  as  seasonal  winds,  or  Monsoons,  from  an  Arabic 
word  meaning  season.  They  blow  with  great  regularity  in 
certain  regions,  such  as  India,  each  wind  for  a  definite 
period  each  year. 

"While  we  thus  explain  the  prevalent  direction  of  monsoon  winds  both 
north  and  south  of  the  equator,  we  must  bear  in  mind  that  the  differences 
of  temperature  over  land  and  sea  in  summer  and  winter  are  important 
factors  in  causing  them  to  be  drawn  even  beyond  the  tropic,  as  they  are  in 
India  and  Eastern  Asia.  In  East  Asia,  where  the  coast  runs  roughly  SW 
to  NE,  the  summer  winds  are  SE,  the  winter  winds  NW,  i.e.  from  sea  to 
land,  and  from  land  to  sea — roughly  speaking,  perpendicular  to  the  coast- 
line. They  are  slightly  inclined,  however,  as  the  Earth's  rotation  deflects 
them  as  it  does  all  other  winds,  so  that  the  SE  winds  tend  to  be  more  SSE, 
and  the  NW  winds  more  NNW,  across  a  coast  running  due  SW  to  NE. 

In  studying  the  monsoons  of  India  it  must  be  remembered  that  the 
Himalayas  and  Tibet  form  a  climatic  barrier  rising  completely  above  the 
lower  atmosphere  of  the  surface  winds. 
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THE    OCEAN 


Cliff  and  Beach  at  Hunstanton,  in  Norfolk. 

Cf.  cliffs  in  vertically  jointed  granite  at  Laud's  End. 

(From  a  photo  by  R.  H.  Hast  all,  reproduced  by  permission  from 
Lake  &  Rastall's  "  Textbook  of  Geology.") 


Cliffs  in  Granite,  with  Vertical  Joints,  at  Land's  End. 
Cf.  cliffs  in  horizontal  strata  at  Hunstanton. 
(From  a  photograph  by  H.M.  Geological  Survey.) 


CHAPTER   XIV 

OCEAN  WATERS— SURFACE  MOVEMENTS 

The  Ocean. — The  ocean  covers  five-sevenths  of  the 
surface  of  the  globe. 

In  the  case  of  the  atmosphere  we  had  to  consider  an 
aerial  envelope,  with  islands  of  the  solid  crust  rising  up  little 
more  than  5  miles  through  it.  In  the  case  of  the  ocean  we 
have  to  do  with  a  layer  of  water  rarely  more  than  5  miles 
deep,  with  the  solid  crust  rising  through  it.  In  both  cases  the 
proportion  of  solid  crust  increases  as  we  proceed  downwards. 

The  ocean  waters,  like  the  atmosphere  above,  have  many 
movements  which  we  must  study,  some  of  which  present 
analogies  with  those  of  the  atmosphere.  The  ocean,  like 
the  atmosphere,  alters  in  temperature  and  in  density  at 
different  places.  But  the  variable  substances  in  the  case 
of  the  ocean  are  not  water,  but  salts,  whose  presence  in 
variable  quantities  alters  the  density  of  the  water. 

Waves.  —  When  we  are  by  the  seaside,  we  soon 
notice  that  the  surface  of  the  sea  is  not  always  the  same. 
Sometimes  it  is  smooth  as  a  piece  of  polished  metal,  at 
others  it  is  covered  with  tiny  rapidly  running  ripples,  at 
others  great  foam-crested  waves  move  across  it  and  break 
with  a  roar  on  the  shore.  We  soon  notice  that  the  sea  is 
smooth  in  fine  calm  days,  but  that  the  big  waves  occur 

13$ 
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when  the  wind  blows.  And  we  rightly  conclude  that  the 
waves,  small  and  great,  are  caused  by  the  wind. 

Imagine  a  puff  of  wind  striking  the  surface  of  the  sea. 
It  blows  against  some  of  the  water,  which  it  forces 
downwards,  and  ridges  are  formed  on  each  side,  as  the 
compressed  water  can  be  relieved  most  easily  by  moving 
upwards.  If  the  wind  pressure  now  stops,  the  water  rises 
again.  But  in  rising  it  relieves  the  water  below,  which 
now  allows  the  waters  of  the  ridges  to  sink  again.  The 
water  which  was  raised  does  not  rest  when  it  reaches 
its  first  level.  It  presses  the  water  beneath  and  forms 
a  hollow,  while  a  crest  of  water  is  squeezed  up  where  the 
hollow  formerly  was.  If  the  wind  continues  to  blow,  soon 
the  surface  of  the  water  is  all  bobbing  up  and  down,  form- 
ing crests  and  troughs  which  we  call  waves.  The  water 
therefore  is  moving  up  and  down.  This  we  can  observe 
if  we  throw  a  cork  or  piece  of  wood  into  the  sea. 

If  the  wind  is  very  strong  it  blows  away  the  water 
forming  the  tip  of  a  wave,  in  a  spray  of  drops  which 
gives  the  waves  a  white  crest  of  foam. 

The  waves  continue  to  move  for  some  time  after  the 
air  has  calmed,  for  water  is  an  elastic  substance.  Bub  the 
crests  and  troughs  gradually  become  less  and  less  sharp, 
and  soft  rounded  waves  with  a  long  distance  between  crest 
and  crest  come  heaving  across  the  sea.  This  is  called  a  swell 
The  waves  dashing  against  the  shore  are  called  breakers. 

The  height  or  depth  of  a  wave  from  crest  to  trough  is  technically  called 
its  amplitude  (Latin,  amplitudo,  large),  and  the  distance  from  crest  to  crest 
its  length. 

The  waves  increase  in  size  as  the  winds  blow  more 
strongly,  but,  in  spite  of  the  popular  description  of  waves 
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mountains  high,  wind-caused  waves  rarely  have  a  height 
of  50  ft.  and  a  length  of  a  quarter  of  a  mile,  and  the 
waves  in  a  storm  are  usually  about  30  ft.  high  from 
trough  to  crest. 

The  large  waves  move  faster  than  the  small  ones.  A  wave  motion 
50  ft.  in  height  passes  over  80  miles  in  an  hour  in  deep  water,  but  one 
of  30  ft.  only  37  miles  in  the  same  time. 

The  surface  wave  motion  does  not  affect  the  whole 
depth  of  the  sea,  but  rapidly  dies  away,  so  that  at  half  a 
mile  below  the  surface  even  the  greatest  storms  have 
no  influence. 

Surface  Currents. — While  the  water  in  the  waves 
on  the  whole  moves  only  up  and  down,  if  the  wind 
continues  blowing  for  a  long  time  in  one  direction  the 
surface  water  is  gradually  transported  in  that  direction. 
This  movement  of  the  surface  waters  as  a  whole  we  term 
a  drift,  which  means  a  wind-caused  surface  current.  If 
the  current  is  sufficiently  well  marked  to  allow  its  speed 
and  limits  to  be  easily  determined,  thus  forming  something 
like  a  river  in  the  ocean,  then  we  speak  of  a  stream  and 
not  a  drift. 

Before  studying  the  surface  currents  of  the  ocean  we 
must  revise  our  knowledge  of  the  winds  of  the  globe.  (See 
Chap.  V.) 

In  regions  where  the  winds  blow  steadily  all  the  year 
round,  the  surface  waters  of  the  oceans  move  in  the  same 
directions.  The  currents  in  the  roaring  forties  are  blown 
eastward  by  the  brave  west  winds.  In  the  North  Pacific 
and  North  Atlantic  Oceans  in  the  west  wind  regions  the 
currents  also  flow  to  the  east.  In  the  case  of  the  austral 
west  wind   drift  there   is   no  land    to  divert   the   stream 
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except  the  coast  of  South  America.  None  of  the  othei 
currents  can  develop  freely,  as  the  land  interferes  with 
their  progress,  and  must  be  taken  into  account  in  studying 
their  directions.1 

In  trade  wind  regions  we  expect  to  find  a  trade  wind 
drift  of  the  surface  waters  towards  the  equator,  across  the 
wide  expanse  of  ocean.  On  either  side  of  the  equator, 
then,  the  surface  water  is  moving  towards  it  and  also  west- 
wards. As  the  winds  die  away  before  they  reach  the  equator, 
the  currents  diminish  in  speed.  If  they  could  go  on  they 
would  meet  each  other,  and  the  south  and  north  com- 
ponents would  neutralise  each  other,  leaving  the  westward 
motion  unaltered.  The  currents  south  and  north  of  the 
equator  are  found  to  move  westwards.  (See  Figs.  58 
and  59.) 

In  tropical  regions  north  and  south  of  the  equator  are 
west-flowing  currents  tending  to  produce  a  surplus  of  water 
in  the  west  and  a  defect  in  the  east ;  in  the  temperate 
zones,  east-flowing  currents  tending  to  produce  a  surplus 
of  water  in  the  east  and  a  defect  in  the  west.  The  west 
tropical  surplus  therefore  tends  to  fill  up  the  west  tem- 
perate deficit,  and  the  east  temperate  surplus  to  fill  up 
the  east  tropical  deficit. 

These  west  -  flowing  currents  turn  polewards,  partly 
driven  by  the  winds,  partly  because  they  strike  against  the 
land  in  the  west  of  the  Pacific,  Atlantic,  or  Indian  Oceans. 
The  east-flowing  currents  in  part  turn  towards  the  equator, 
driven  by  the  winds,  and  deflected  by  the  lands.  This 
sets    up    a    circulatory    movement,    which    passes    in    the 

1  Currents  are  named  according   to  the  direction   whither  they   flow ; 
winds  from  the  direction  whence  they  blow. 
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direction  of  a  watch's  hands  in  the  northern  and  in  the 
opposite  direction  in  the  southern  hemisphere,  like  the 
winds  round  the  high-pressure  areas  there. 

We  must  remember  that  the  Earth's  rotation  affects 
the  currents  of  the  ocean  as  it  does  those  of  the  atmosphere. 
These  currents,  as  well  as  the  winds  which  cause  them,  are 
deflected  to  the  right  hand  in  the  northern  hemisphere  and 
to  the  left  hand  in  the  southern. 

The  Atlantic  Ocean  has  a  peculiar  shape,  like  a  broad 
letter  S,  which  the  equator  cuts  a  little  south  of  the 
middle.  The  directions  of  the  parts  of  the  S  correspond 
to  the  directions  of  the  prevailing  winds,  except  the  part 
just  north  of  the  equator.  Hence  all  winds  blowing  over 
the  Atlantic  Ocean  drive  the  waters  northward.  The  only 
opposing  winds  are  the  NE  trades,  which  blow  across  and 
not  along  Itfie  axis  of  the  ocean,  and  so  are  much  less 
powerful  in  their  effects. 

The  westerly  winds  of  the  southern  hemisphere  drive 
the  surface  waters  eastwards.  They  flow  northwards  off 
the  west  coast  of  Africa  as  the  Benguela  current,  and  are 
driven  as  the  SE  trade  drift  to  the  South  American  coast. 
Off  Cape  San  Eoque  part  of  the  surface  waters  flow  south- 
wards as  the  Brazil  current,  but  a  greater  part  is  forced 
northwards  parallel  to  the  northern  coast  of  South  America, 
and  joins  the  NE  trade  drift  of  the  northern  hemisphere. 
The  West  India  Islands  act  as  a  partial  barrier.  The 
channels  between  them  allow  some  water  to  enter  the 
Caribbean  Sea,  whence  it  passes  by  the  Yucatan  channel  to 
the  Gulf  of  Mexico  to. issue  as  a  warm  stream,  through  the 
Florida  Strait,  at  three  to  four  miles  an  hour,  and  joins  the 
other  part  of  the  water  which  has  flowed  east  of  the  Lesser 
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Antilles.  The  united  current,  known  as  the  Gulf  Stream 
passes  along  the  coast  of  North  America  to  Cape  Hatteras, 
where  it  is  320  miles  broad,  and  its  speed  two  to  three 
miles  per  hour,  after  which  it  does  not  come  so  near  the 
coast,  but  passes  eastward,  with  diminished  temperature 
and  speed,  becoming  the  west  wind  drift  of  the  North 
Atlantic.  Part  of  the  waters  turns  southwards  off  the 
coast  of  Spain  as  the  Canary  current,  and  so  completes 
the  North  Atlantic  eddy.  Another  part  drifts  to  the  NE 
between  Iceland  and  Britain  before  the  prevailing  SW 
winds,  and  introduces  relatively  warm  surface  water  into 
the  Norwegian  Sea.  The  temperature  and  ocean  current 
maps  for  January  and  July  should  be  compared. 

The  waters  at  the  centre  of  the  eddies  formed  north  and  south  of  the 
equator  are  relatively  calm.  Here  drift  matter  accumulates,  the  most  im- 
portant being  a  tropical  seaweed  known  as  gulf- weed  or  Sargassum.  This 
forms  the  North  Atlantic  "seaweed  meadows"  of  the  early  explorers,  and 
is  known  as  the  Sargasso  Sea. 

The  western  shore  of  the  Pacific  Ocean,  south  of 
the  tropic  of  Cancer,  also  trends  to  the  south-east,  so 
that  the  SE  trade  drift  is  easily  forced  across  the 
equator. 

The  Peru  current  off  the  west  coast  of  South  America 
and  the  West  Australian  current  correspond  to  the  Benguela 
current  off  the  west  coast  of  Africa ;  the  south-east  trade 
drift  of  the  Pacific  and  Indian  Oceans,  to  those  of  the 
Atlantic  ;  the  East  Australian  and  the  Mozambique  currents, 
to  that  of  Brazil ;  and  the  Kuro  Siwo  or  Japanese  stream  or 
west  wind  drift,  and  the  Californian  current  of  the  North 
Pacific,  to  those  of  the  Gulf  Stream,  or  west  wind  drift  and 
Canary  current  of  the  North  Atlantic. 
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The  outflowing  winds  from  the  north  polar  regions  also 
cause  surface  currents,  which  skirt  the  eastern  coasts  of 
the  continent  until  they  meet  the  west  wind  drifts,  e.g.  the 
East  Greenland,  Labrador,  and  Kamchatka  currents. 

The  seasonal  changes  affect  the  current  system  as  well 
as  the  wind  system,  and  the  currents  move  from  one 
hemisphere  to  the  other  across  the  equator.  As  the  winds 
change  from  SE  or  NE  to  SW  or  NW  after  they  cross  the 
line,  so  do  the  currents  from  westerly  to  easterly.  Hence, 
besides  the  normal  westerly  equatorial  currents,  we  find 
a  so-called  equatorial  counter-current  moving  eastwards. 
The  positions  of  these  counter-currents,  which  may  also  be 
called  the  sub-equatorial  currents,  move  north  and  south 
of  the  equator  with  the  Sun.  By  some  they  are  explained 
as  the  return  of  water  banked  up  on  the  western  sides  of 
the  oceans  in  the  only  strip  of  sea  where  it  does  not  meet 
an  opposing  wind. 

In  the  North  Indian  Ocean  and  the  China  and  Sunda  Seas,  where  the 
monsoons  are  most  marked,  the  change  of  wind  alters  the  direction  of  the 
currents.  In  summer  the  surface  waters  of  the  North  Indian  Ocean  move 
to  the  east,  instead  of  to  the  west  as  in  winter,  and  in  the  China  Seas  to  the 
north-east,  driven  by  the  south-west  monsoons. 

In  winter  the  winds  are  stronger  in  both  hemispheres, 
and  the  currents  move  most  quickly  at  that  season. 


CHAPTEE  XV 


TIDES 


Seiches. — It  is  easy  to  understand  that  the  pressure 
of  the  air  affects  such  a  mobile  substance  as  water.  Where 
the    air   pressure   is   high,  the  surface  of    lake   or   sea   ia 


Fig.  64.— Low  tide. 


depressed ;  where  the  air  pressure  is  low,  the  water  surface 
stands  higher.  In  the  great  lakes  of  the  world,  alterna- 
tions of  low  and  high  levels  of  the  water  with  high  and  low 
pressures  have    been   observed.     There   are  also  irregular 
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quiverings  in  the  lake  waters,  to  which  the  name  of  seiches 
has  been  given. 

Tides. — There  is  another  movement  of  the  waters  of  the 
Dcean  as  a  whole  which  is  due  to  quite  another  cause.  Twice 
3very  day  at  most  seaside  places  we  observe  the  water 
gradually  creep  up  the  beach  and  then  gradually  creep  down 
again.     This  is  called  a  tide.     The  creeping  up  of  the  water 


Fig.  65.— High  tide. 


is  the  tiow  of  the  tide,  the  creeping  down  again  its  ebb. 
When  the  water  is  highest  we  speak  of  it  as  a  full  or 
high  tide  or  flood ;  when  it  is  lowest  we  speak  of  ebb  or 
low  tide. 

At  the  seaside  one  day  we  frequently  find  rocks  that 
can  be  reached  a  short  time  at  low  tide  without  wading. 
We  are  surprised  a  week  later  to  find  that  it  is  impossible 
to  do  this  without  wading.  The  high  tide  was  higher  and 
the  low  tide  lower  on  the  first  occasion,  and  a  week  later 
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the  high  tide  was  not  nearly  so  high  nor  the  low  tide 
nearly  so  low.  The  very  strong  tides  with  very  high 
and  very  low  water  are  called  spring  tides ;  the  weaker 
tides  neap  tides. 

Observation  shows  that  spring  tides  occur  shortly  after 
the  Moon  is  new  or  full,  and  neap  tides  shortly  after  the 
Moon  is  in  quadrature.  Now,  when  the  Moon  is  new 
or  full,  the  Moon,  Sun,  and  Earth  all  lie  in  the  same  line, 
but  when  the  Moon  is  quarter  or  three-quarters  full  a 
line  from  the  Earth  to  the  Moon  is  at  right  angles  to  one 
from  the  Earth  to  the  Sun. 

Newton's  law  of  gravitation  states  that  every  particle 
in  the  universe  attracts  every  other  particle  with  a  force 
which  acts  in  the  line  joining  them.      (See  p.  32.) 

The  Moon  therefore  attracts  the  Earth,  and  so  does  the 
Sun,  and  the  Earth  is  also  attracting  the  Sun  and  the  Moon. 

The  parts  of  the  Earth  nearest  the  Moon  are  attracted 
more  than  those  farther  away,  and  those  at  the  opposite 
side  of  the  Earth  are  attracted  least  of  all. 

Air  and  water  being  mobile  show  the  effects  of  this 
attraction,  and  bulge  out  in  the  direction  between  the 
Earth  and  Moon,  towards  the  Moon  on  the  side  nearest  it, 
away  from  it  on  the  opposite  side  of  the  Earth,  while  the 
solid  part  of  the  Earth  is  not  measurably  affected.  Half- 
way between  these  lines  the  water  is  relatively  lower. 

This  may  be  seen  from  the  figure  ABCD  representing  the  Earth, 
assumed  to  be  a  sphere  and  uniformly  covered  with  water.  The  direction 
between  Earth  and  Moon  is  CAM.  The  Moon  attracts  A  at  the  surface 
more  than  0  at  the  centre  of  the  Earth,  therefore  the  attraction  on  any 
particle  at  A  towards  0,  i.e.  the  force  of  terrestrial  gravity  at  A,  is  slightly 
diminished  owing  to  the  Moon's  counter-attraction.  The  Moon  attracts 
0  more  than  C,  therefore  the  attraction  of  any  particle  at  C  to  0  is  slightly 
diminished   owing  to  the   Moon's   counter-attraction,    tending  to  pull   0 
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towards  itself  more  than  C.     At  B  and  D  the  ordinary  terrestrial  gravitation 
acts  in  a  line  perpendicular  to  that  in  which  the  Earth -Moon  attraction 


Fig.  66. 

acts,  and  so  is  neither  increased  nor  diminished.  As  the  terrestrial  gravi- 
tation is  diminished  at  A  and  C,  the  result  is  a  bulging  of  the  surface 
outwards  at  these  points,  to  compensate  for  which  there  is  a  depression  at 
B  and  D.  A  full  explanation  of  the  tides  cannot  be  given  in  an  elementary 
book. 

This  distribution  of  waters  of  the  ocean  we  may  look 
upon  as  two  wave  crests  with  two  troughs  between.  The 
length  of  each  wave  at  the  equator,  if  there  were  no  land, 
would  be  £  of  25,000  =  12,500  miles.  As  the  Earth 
rotates,  the  crests  and  troughs  of  the  tidal  wave  move 
round  the  Earth  as  it  presents  different  parts  to  the  Moon. 
The  atmospheric  tides  caused  by  the  Moon  are  scarcely 
measurable,  so  much  is  the  air  affected  by  other  conditions, 
but  the  ocean  tides  are  very  marked.  The  Sun  produces 
similar  but  smaller  tides. 

When  Sun  and  Moon  act  in  the  same  line,  the  tides 
caused  by  both  have  the  same  phases,  and  the  crests  of  the 
lunar  tidal  waves  coincide  with  the  crests  of  the  solar  ones. 
When  Sun  and  Moon  act  at  right  angles,  the  crests  of 
the  lunar  tidal  waves  coincide  with  the  troughs  of  the  solar 
tidal  waves. 

The  Moon  has  a  mass  26 1  million  times  less  than 
the  Sun,  but  it  is  388|  times  nearer  the  Earth  than  the 
Sun  is.       Owing   to  the   greater   nearness    of   the   Moon, 
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it  is  found  that  its  influence  in  raising  the  ocean  waters 
is  greater  than  that  of  the  Sun  as  9  :  4.  The  high  tide 
which  occurs  when  the  crests  of  the  lunar  and  solar  tidal 
waves  come  together,  is  to  the  high  tide  which  occurs  when 
the  crest  of  the  lunar  tidal  wave  comes  at  the  same  time 
as  the  trough  of  the  solar  one  as  9  +  4:9  —  4  =  13:5, 
that  is,  it  is  V3  or  2f  times  as  great. 

The  highest  tide  is  always  at  the  time  of  lunar  high 
tide.  The  Earth  does  not  present  the  same  place  to  the 
Moon  every  twenty-four  hours  as  it  does  to  the  Sun.  In 
other  words,  the  Moon  does  not  appear  to  cross  any  given 
meridian  of  the  Earth  once  in  twenty-four  hours,  as  the 
Sun  does.  This  is  due  to  the  Moon  revolving  round  the 
Earth  in  the  same  direction  as  that  in  which  the  Earth 
rotates,  so  that,  when  the  Earth  has  turned  on  its  axis  from 
west  to  east  for  twenty-four  hours,  the  Moon  is  not  in  the 
same  place  in  the  heavens  as  it  was  twenty-four  hours 
previously,  but  has  also  moved  from  west  to  east.  The 
Earth  has  to  rotate  fifty  minutes  longer  than  twenty- 
four  hours  before  the  Moon  crosses  the  same  meridian 
again.  The  tides,  therefore,  come  twice  every  twenty- 
four  hours  fifty  minutes,  and  not  twice  every  twenty -four 
hours. 

We  can  now  put  our  explanation  of  spring  and  neap 
tides  into  other  words.  When  Sun  and  Moon  cross  a 
meridian  either  at  the  same  time  or  twelve  hours  after  each 
other,  the  tidal  waves  caused  by  Moon  and  Sun  coincide, 
and  we  have  spring  tides ;  when  they  cross  the  meridian 
within  six  or  eighteen  hours  of  each  other,  we  have  trough 
and  crests  coinciding,  and  high  neap  tide  when  the  crest  of 
the  lunar  wave  agrees  with  the  trough  of  the  solar  one, 
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and  low  neap  tide  when  the  trough  of  the  lunar  tidal  wave 
comes  at  the  same  time  as  the  solar  one. 

These  remarks  apply  to  an  Earth  covered  with  a  uni- 
form depth  of  water,  and  with  Sun  and  Moon  in  the  plane 
of  the  equator.  But  the  sea  is  of  unequal  depths,  and 
the  land  masses  which  lie  north  and  south  prevent  the 
development  of  a  tidal  wave  which  would  regularly  pass 
round  the  Earth  except  south  of  55°  S.,  and  even  there 
the  ice-covered  antarctic  regions  come  north  to  about 
65°  S.     Except  for  South  America,  however,  there  is  little 
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land  to  interfere  with  the  development  of  a  tidal  wave 
between  40°  and  65°  S. 

In  the  North  Sea  the  tidal  waves  which  come  north- 
wards along  the  Atlantic  enter  through  the  Strait  of  Dover, 
and  also  by  the  wide  channel  between  Scotland  and  Scandi- 
navia. At  the  Thames  two  tidal  wave  crests  meet  and 
cause  the  high  tides  which  help  to  make  London  important. 
At  Texel,  on  the  opposite  side  of  the  sea,  the  one  tidal 
wave  crest  meets  the  other  Vvave  trough,  and  practically 
no  tide  is  felt. 

In  enclosed  seas,  such  as  the  Mediterranean,  or  the 
Great  Lakes  of  North  America,  there  is  little  tidal  influence 
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The  tidal  wave  moves  very  quickly  across  the  ocean, 
and  affects  the  whole  volume  of  water  from  the  surface  to 
the  bottom  of  the  sea.  As  an  ocean  becomes  shallower 
friction  impedes  the  tidal  wave,  which  begins  to  move 
more  slowly,  and  at  the  same  time  to  increase  in  amplitude 
and  grow  higher  from  trough  to  crest.  Eound  Pacific 
islands  the  tidal  wave  is  not  more  than  two  feet  high. 

In  regions  which  gradually  grow  narrower  and  shal- 
lower the  tidal  wave  grows  in  amplitude.  For  instance, 
at  Bristol  it  rises  40  to  50  feet,  and  in  the  Bay  of  Fundy 
there  is  at  some  times  a  difference  of  over  70  feet  between 
high  and  low  water. 

The  tide  rushes  up  such  narrowing  funnels  at  a  great 
rate,  and  a  wall  of  water  is  frequently  seen  to  pass  as  the 
tide  begins  to  rise.  This  is  called  a  bore,  and  is  very 
dangerous.  Bores  occur  on  the  Amazon,  the  Yangste  Kiang, 
the  Severn,  and  many  other  rivers. 

It  is  important  for  the  sailor  to  know  when  it  will  be  high  water  at  a 
tidal  port,  as  well  as  the  amount  of  rise  and  fall  that  occurs  there.  Owing 
to  the  momentum  of  the  water,  the  friction  of  the  sea  bottom,  irregularities 
of  depth,  and  the  distribution  of  land  and  water,  the  tide  does  not  occur 
precisely  as  the  Moon  crosses  the  meridian  of  a  port,  but  later.  The  time 
of  retardation  differs  at  different  ports,  and  must  be  ascertained  by  observa- 
tion. The  time  that  high  tide  occurs  after  the  Moon  crosses  the  meridian 
is  constant  for  each  port,  and  is  known  as  the  "establishment  of  the  port." 

If  we  have  a  tide-table  for  London  and  know  the  establishment  of  the 
port,  we  can  calculate  the  times  of  the  tides  for  any  other  harbour  whose 
establishment  of  port  we  know. 


CHAPTER   XVI 

CONDITIONS  OF  SEA  WATER— TEMPERATURE, 
SALINITY,  AND  SPECIFIC  GRAVITY 

The  Temperature  of  the  Sea. — When  the  Sun'a 
rays  strike  the  surface  of  the  sea,  some  are  reflected, 
some  penetrate  and  heat  the  surface  waters.  The  surface 
layers  give  up  part  of  this  heat  to  the  layers  below,  so 
that  the  sea  is  heated  by  the  Sun  from  the  surface  down- 
wards. This  heating  is  mainly  by  conduction.  The  heating 
of  the  lower  layers  proceeds  much  more  rapidly  when  there 
is  any  mixing  of  surface  waters  and  those  at  lower  levels. 
Even  in  the  hot  belt,  where  the  surface  waters  are  over 
70°  F.,  the  water  half  a  mile  below  the  surface  is  not 
more  than  about  38°  or  39°  F.,  which  is  the  surface 
temperature  near  the  polar  circles,  and  is  probably  the 
tempera  bure  the  ocean  waters  would  have  were  they  all  to 
be  thoroughly  mixed  up  together.  In  polar  regions  the 
surface  waters  are  much  colder.  In  the  summer  the  Sun's 
heat  is  used  in  melting  part  of  the  thick  ice  which  forms 
over  the  sea  during  winter. 

We  can  imagine,  then,  a  surface  of  water  about  38°  or 
39°  F.  in  all  the  oceans,  with  a  shallow  basin  of  warmer 
water  above  it  in  latitudes  lower  than  about  65°,  and  with 
a  shallow  basin  of  colder  water  above  it  in  polar  regions. 
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Below  this  isothermal  surface  of  38°  or  39°  F.  the  water 
very  gradually  diminishes  in  temperature  to  the  floor  of 
the  ocean. 

The  oceans  whose  axes  lie  from  north  to  south  pass 
through  all  surface  temperature  regions ;  but  seas  that  lie 
east  or  west  or  wholly  within  one  temperature  belt,  and 
have  no  communication  with  deep  waters,  have  a  fairly 
uniform  temperature. 

The  Mediterranean  and  Red  Seas  are  two  important 
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Fig.  68. 

seas  with  this  characteristic.  The  deep  waters  in  them 
are  warm.  In  places  in  the  Indian  Ocean  where  the  sur- 
face temperature  is  over  80°  F.,  the  same  as  that  of  the 
Eed  Sea,  the  temperature  at  1J  mile  below  the  surface  is 
about  36°  F.,  whereas  in  the  Red  Sea  it  is  70°  F.  In  the 
Mediterranean  and  Atlantic  at  600  ft.  the  temperature 
on  both  sides  of  the  Strait  of  Gibraltar  is  55°  F. ;  at  6000 
ft.  it  is  36°  F.  in  the  Atlantic,  but  still  55°  F.  in  the 
Mediterranean. 

How  is  the  deep  water  in   the  IndiaD   Ocean  and  all 
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other  oceans  kept  cool  ?  We  must  learn  something  more 
about  the  ocean  waters,  what  they  are  composed  of  and 
how  they  differ  in  density,  before  we  can  answer  this 
question. 

Composition  and  Salinity  of  Ocean  Water. — Any 
sea-bather  who  is  unfortunate  enough  to  get  his  mouth 
filled  with  sea  water  knows  that  it  is  salt  in  taste.  A 
bather  also  finds  that  he  can  float  more  easily  in  sea  than 
in  fresh  water.  Why  ?  Because  the  salts  are  dissolved  in 
the  sea  water  and  make  it  denser  than  fresh  water. 

We  can  easily  understand  how  the  sea  comes  to  have 
more  salts  in  solution  than  the  river  water.  The  water 
evaporated  from  the  sea  is  pure  water ;  the  water  brought 
back  to  the  sea  is  not  quite  pure,  but  contains  in  solution 
substances  dissolved  by  the  water  in  passing  through  or 
over  the  ground.  The  sea  is  thus  constantly  being  supplied 
with  salts  in  solution  which  are  not  removed  by  evapora- 
tion. 

But  is  there  no  way  in  which  it  gets  rid  of  the  salts  ? 
Some  of  the  substances  in  solution  are  absorbed  by  different 
animals,  and  may  be  changed  from  soluble  to  insoluble 
substances,  which  will  gradually  sink  through  the  waters 
and  form  a  deposit  on  the  ocean  floor.  Limestone  rocks 
have  been  precipitated  in  this  way. 

The  salts  in  the  ocean  are  not  quite  the  same  as  those  brought  down  by 
rivers.  In  river  water  the  proportion  of  carbon  compounds  is  great, 
probably  largely  due  to  the  decay  of  organic  matter  and  the  solvent  powers 
of  carbonic  acid,  and  silica  forms  fo  of  the  salts  ;  but  in  sea  water  these 
carbon  compounds  do  not  form  -p^-  part  of  the  salts,  and  silica  can  hardly 
be  traced  at  all.  They  are  readily  absorbed  by  the  innumerable  living 
organisms  in  the  sea. 

The  salts  in  the  sea  are  mainly  chlorides  and  sulphates,  which  give  it  a 
brackish    taste.       Of  the   chloride   compounds,    common   salt,    or   sodium 
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chloride,  is  by  far  the  most  abundant.  1%  of  the  salts  in  the  sea  are 
common  salt.  -jV  is  made  up  mainly  of  magnesium  chloride,  with  a 
little  calcium  chloride.  TV  of  the  salts  are  sulphates, — sulphate  of 
magnesia  or  Epsom  salt,  sulphate  of  lime,  and  sulphate  of  potas- 
sium. The  sulphates  are  in  about  the  same  proportion  in  river  and  sea 
water. 

If  all  the  common  salt  in  the  ocean  were  to  be  crystallised  and  spread  in 
a  uniform  layer  over  the  Earth's  surface,  it  would  be  10£  ft.  thick. 

At  least  32  of  the  chemical  elements  have  been  found  in  the  sea.  The 
water  itself  accounts  for  two  ;  we  have  mentioned  the  more  important  ones 
composing  the  salts,  but  there  remains  another  source  of  chemical  elements 
in  the  gases  absorbed  by  the  sea  water. 

The  atmospheric  gases,  nitrogen  and  oxygen,  are  the  most  important 
gases  in  sea  water,  but  they  are  not  found  in  the  same  proportion  in  the 
atmosphere  and  in  the  ocean.  The  quantity  of  gas  absorbed  also  depends 
on  its  pressure  and  on  the  temperature  of  the  water.  Some  gases  are  more 
easily  absorbed  by  water  than  others.  Oxygen  is  more  easily  absorbed  than 
nitrogen  under  similar  conditions. 

All  living  creatures  breathe,  and  in  doing  so  they  constantly  use  up 
oxygen  and  give  off  carbon  dioxide,  consequently  the  marine  organisms 
modify  the  gases  in  the  ocean. 

Oxygen  is  found  everywhere  in  the  ocean.  This  means 
that  life  is  possible  at  all  depths.  The  carbon  dioxide 
given  off  combines  with  other  substances  in  the  ocean  water 
to  form  carbonates. 

About  half  the  gas  absorbed  by  the  ocean  is  nitrogen,  a  quarter  is 
oxygen,  and  a  quarter  carbon  dioxide. 

The  proportion  of  salts  in  sea  water  varies,  but  on  the 
average  is  about  35  parts  per  1000  of  water  in  the  open 
ocean.  The  sea  is  not  uniformly  salt.  In  regions  where 
the  air  is  dry,  the  wind  steady,  and  the  temperature  high 
enough  to  promote  rapid  evaporation,  the  surface  waters  of 
the  ocean  are  saltest.  The  trade  wind  region  is  that  where 
these  conditions  are  best  fulfilled,  and  therefore  that  where 
the  sea  is  saltest.  The  regions  of  cold  polar  waters  have 
least  salt  on  the  surface,  for  there  evaporation  is  less  rapid, 


i52  PHYSIOGRAPHY 

and  the  fresb  water  from  melted  ice  forms  a  considerable 
proportion  of  the  water  in  the  surface  layers. 

The  proportion  of  salt  in  the  sea  diminishes  with  depth  until  9000  ft. 
is  reached,  below  which  the  waters  slowly  become  salter  again. 

Specific  Density  and  Specific  Gravity  of  Ocean 
Waters. — The  density  of  sea  water  depends  partly  on  the 
salts  it  contains  and  partly  on  its  temperature.  The  more 
salts  water  holds  in  solution  the  denser  it  is,  if  these  salts 
are  of  substances  heavier  than  water. 

The  density  of  a  substance  is  simply  the  amount  of  matter  contained  in  a 
unit  volume.  For  many  purposes  it  is  convenient  to  have  a  unit  of  density. 
A  unit  volume  of  pure  water  at  39°  F.  or  4°  C.  is  taken  as  the  uuit  of 
density.  The  densities  of  all  other  substances  are  compared  with  this.  The 
ratio  of  the  density  of  unit  volume  of  any  substance  to  the  density  of  unit 
volume  of  pure  water  at  39°  F.  or  4°  C.  is  called  the  specific  density  of  that 
substance. 

If  instead  of  the  mass  of  a  substance  we  considered  its  weight,  then, 
taking  the  weight  of  unit  volume  of  any  substance  and  comparing  it  with 
that  of  unit  volume  of  pure  water  at  39°  F.  (4°  C),  we  should  get  the  ratio 
called  the  specific  gravity  of  the  substance.  As  mass  and  weight  are 
proportional  to  each  other,  so  are  specific  density  and  specific  gravity,  and 
the  two  forms  are  often,  but  inaccurately,  used  as  synonymous. 

As  the  surface  water  of  the  sea  gets  colder  from 
equator  to  pole,  it  should  become  denser  towards  the  poles  ■ 
but  the  surface  waters  are  salter,  and  so  should  be  denser 
at  the  equator  than  in  polar  regions.  When  we  look  at  a 
map  showing  the  distribution  of  the  specific  densities  and 
of  the  specific  gravities  of  the  surface  water,  we  find  that 
temperature  variations  have  more  influence  than  those  of 
salinity.  Between  the  tropics  the  water  is  below  the  mean 
specific  density,  while  north  and  south  of  the  tropics  it  is 
above  the  mean.  The  mean  specific  density  of  the  surface 
water  at  the  temperature  of  observation  is  l'O  2  5  2. 
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MEAN  SPECIFIC  DENSITY  OF  OCEAN  (by  Dr.  Buchan). 
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The  specific  density  of  the  ocean  waters  increases 
steadily  with  depth.  This  means  that  the  fall  of  tem- 
perature from  the  surface  to  9000  ft.  more  than  com- 
pensates for  the  diminution  of  density  in  the  water  due 
to  decrease  in  salinity  to  that  depth.  Below  9000  ft. 
the  temperature  still  diminishes  and  the  salinity  in- 
creases, and  so  the  specific  density  of  the  water  also 
increases,  but  the  salinity  changes  are  of  greater  import- 
ance than  the  temperature  ones,  which  are  slight  below 
that  depth. 

Pressure  of  Ocean  Waters. — The  pressure  due  to 
superincumbent  water  steadily  increases  with  depth  at  the 
rate  of  about  one  ton  on  the  square  inch  for  every  mile  of 
descent.  Water  is  not  readily  compressed ;  but  if  this 
pressure  were  removed,  the  sea-level  would  rise  400  or 
500   feet  over  the  deeps. 


CHAPTER   XVII 

OCEANIC  CIRCULATION 

Problems  of  Oceanic  Circulation. — We  are  now  in 

a  position  to  begin  the  study  of  the  whole  movements  of 
ocean  waters.  The  tidal  wave  affects  all  the  waters,  but, 
like  the  surface  waves  chased  by  the  wind,  it  is  a  wave 
motion  and  not  a  great  onward  movement  of  water.  It 
causes  currents  only  in  special  regions. 

We  have  learned  how  the  prevailing  winds  cause  steady 
currents  where  the  surface  waters  of  the  ocean  move  steadily 
onwards,  and  that  this  movement  may  also  affect  the 
deeper  waters. 

There  is  another  possible  cause  of  movement  in  the 
ocean  water,  in  the  different  weights  it  possesses  in  different 
regions.  We  study  these  different  weights  by  comparing 
them  with  that  of  the  weight  of  a  unit  volume  of  pure 
water  at  39°  F.  or  4°  C,  just  as  we  study  the  different 
weights  of  the  atmosphere  by  comparing  them  with  the 
height  of  a  column  of  mercury  at  0°  C.  from  which  we  can 
calculate  the  weight.  As  we  find  the  winds  blow  from 
regions  of  high  pressure  to  regions  of  low  pressure,  so  the 
sea  waters  tend  to  move  from  regions  of  high  specific 
gravity  to  regions  of  low  specific  gravity.  In  the  case  of 
the  surface  waters,  however,  the   prevalent  winds  have  so 
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great  an  influence  that  this  movement  due  to  specific 
gravity  is  not  observable.  Even  in  the  case  of  deeper 
waters,  we  have  seen  that  the  influence  of  the  winds  has  a 
great  effect.  In  the  present  state  of  our  knowledge  of  the 
deeper  waters,  it  is  not  possible  to  be  sure  of  the  exact 
movements  that  take  place  nor  how  they  are  caused ;  but 
there  is  reason  to  suppose  that  in  these  deeper  waters 
differences  in  specific  gravity  may  have  a  considerable,  if 
not  the  preponderating,  influence  in  producing  the  currents. 

The  greater  saltness  of  the  ocean  below  9000  feet  is  very  likely  due  to  a 
circulation  of  the  waters.  "It  probably  has  its  origin  in  the  relatively 
high  salinity  of  the  surface  water  of  the  south  portion  of  the  Atlantic, 
Pacific,  and  Indian  Oceans.  These  surface  waters  are  driven  southwards  by 
the  steady  WNAV  winds  till,  reaching  the  region  characterised  by  heavy 
rainfall  and  extensive  ice-melting,  they  sink  to  great  depths,  bearing  their 
high  salinity  with  them."1 

The  surface  winds  do  not  merely  bring  about  the 
surface  circulation  we  have  studied.  Aitken,  Murray  of 
the  Challenger  Expedition  (which  expedition  has  taught  us 
more  about  the  ocean  than  any  other),  and  others,  have 
pointed  out  that  a  wind  blowing  continuously  in  summer 
soon  drives  all  the  warmer  surface  water  to  the  lee  side  of  a 
lake,  while  the  colder  water  wells  up  on  the  windward  side. 

Apply  this  to  the  great  oceans.  The  trade  winds  blow 
all  the  year  round.  We  should  expect  to  find,  off  the 
eastern  coasts  of  the  continents  in  the  trade  wind  regions, 
warmer  water  than  off  the  western  coast.  This  actually 
happens.  Further,  the  waters  off  the  eastern  coast  are  not 
only  warmer  but  Salter,  for  the  trade  winds  are  dry  winds, 
and  the  surface  water  of  the  ocean   evaporates  freely,  and 

1  Dr.  Buchan,  "Specific  Gravities  and  Oceanic  Circulation,"  Trans- 
actions Royal  Society  of  Edinburgh,  vol.   xxxviii.  p.  320. 
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so  becomes  Salter.  The  waters  off  the  west  coasts  of  the 
continents  would  be  drawn  up  from  below  and  be  relatively 
cold,  as  are  the  Benguela  and  the  Peru  currents. 

"We  can  imagine,  therefore,  a  circulation  of  the  ocean 
waters  in  a  vertical  as  well  as  in  a  horizontal  plane. 

The  winds  would  seem  to  be  the  chief  cause  of  the 
movements  of  the  surface  waters,  which  are  mainly  hori- 
zontal and  can  be  traced  to  depths  of  400  to  600  feet. 
Below  this  comes  a  belt  where  vertical  movements  are 
most  marked,  from  below  upwards,  in  equatorial  regions, 
and  in  the  stormy  and  rainy  belts,  between  latitudes  40° 
and  60°,  from  above  downwards,  in  the  subtropical  areas 
of  high  atmospheric  pressure  and  surface  salinity.  Below 
2500  to  3000  feet  the  waters  creep  slowly  from  the  cold 
polar  regions  towards  the  equator,  when  they  show  a  slight 
tendency  to  rise  in  depths  from  3000  to  6000  feet.  The 
bottom  of  the  Atlantic  is  shut  off  by  the  Scoto-Icelandic 
ridge  from  the  cold  waters  of  the  the  Arctic  basin  in  the 
north ;  but  it  is  open  in  the  south.  Cold  waters  from 
the  south  creep  northwards  along  the  bottom  of  this  ocean 
across  the  equator,  and  even  beyond  the  tropic  of  Cancer. 

In  thinking  about  oceanic  circulation,  as  well  as  about 
atmospheric  circulation,  it  is  always  necessary  to  bear  in 
mind  how  shallow  these  oceans  of  water  and  air  are,  com- 
pared to  their  horizontal  area,  and  how  little  we  yet  know 
about  the  conditions  at  other  levels  than  those  very  near 
that  where  sea  and  air  meet. 
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Fig.  70. — An  Upfold  or  Anticline. 

Note  one  side  is  steeper  than  the  other. 

(Reproduced  by  permission  from  a  photograph  by  Dr.  F.  H.  Hatch  in 

Lake  &  Rastall's  "  Textbook  of  Geology.") 


Fig.  71. — A  Dry  Vallet  in  Porotts  Limestone,  Malham,  Yorkshire. 

{From  a  photograph  by  G.  Bingley,  reproduced  by  permission  from  Lake  <Se  Mastall't 
"  Textbook  of  Geology.") 


CHAPTER   XVIII 

THE  FORCES  SHAPING  THE  LAND  SURFACE,  AND 
THEIR  EFFECTS— PRELIMINARY 

The  External  Forces  at  Work  on  the  Land. — In  this 
part  of  the  book  we  have  to  deal  with  the  outer  surface  of 
the  solid  crust  of  the  Earth.  Part  of  it  is  covered  by  the 
ocean,  but  two-sevenths  rise  above  its  surface.  This  ex- 
posed part  of  the  solid  surface  of  the  Earth  is  subjected 
to  many  changes  Water  falls  on  it  as  rain,  runs  over  its 
surface,  percolates  below  it  everywhere,  and  congeals  upon 
it  in  the  colder  regions.  Its  changes  and  movements  help 
to  break  up  the  solid  parts,  by  dissolving  and  dislodging 
particles  of  rock,  which  the  action  of  gravity  drags  down- 
wards to  the  hollows. 

The  changes  of  temperature  from  day  to  night  and 
from  season  to  season  cause  expansion  and  contraction, 
which  loosen  the  solid  particles.  The  wind  scours  the  land, 
and  either  carries  off  the  loose  particles  in  the  air,  or 
brings  the  waters  that  carry  them  downwards. 

Even  the  action  of  plants  and  animals  alters  the 
surface  of  the  Earth.  The  grass  prevents  the  loose 
soil  from  being  blown  or  washed  away,  but  at  the  same 
time  helps  to  make  it  looser.  The  burrowing  animals 
make  hollows  in  the  outer  part  of  the  crust,  while  many 
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creatures  like  corals  leave  limy  or  other  skeletons  to  build 
up  new  land. 

Internal  Forces  affecting  the  Earth's  Surface. — 

There  are  other  forces  at  work  shaping  the  Earth's  surface. 
We  have  all  read  of  volcanoes  and  earthquakes,  although 
many  of  us  may  never  have  seen  the  former  or  felt  the 
latter.  Most  of  us  know  of  places  where  hot  springs  exist, 
and  we  can  see  in  the  granite  of  our  streets,  if  not  in  the 
rocks  near  our  homes,  stones  that  have  been  once  molten  by 
the  heat  of  the  Earth's  interior.  The  internal  forces  in  the 
Earth  are  very  important  in  some  regions,  such  as  Japan, 
the  East  Indies,  and  New  Zealand. 

The  Forms  of  the  Land. — The  present  shapes  of 
mountain,  plain,  and  coast  are  the  outcome  of  all  these 
forces,  external  and  internal,  acting  for  a  long  time.  In  the 
beginning  of  this  book  (p.  4)  we  calculated  how  very  great 
changes  could  be  brought  about  by  very  little  ones  carried 
on  steadily  for  a  very  long  time.  Later  we  shall  make  a 
brief  survey  of  the  principal  forms  of  the  land  and  the 
changes  they  undergo  in  the  course  of  time. 

We  must  first  study  the  external  forces  acting  on  that 
part  of  the  surface  of  the  land  which  rises  above  the  waters 
of  the  ocean,  and  the  changes  they  bring  about. 

The  sum-total  of  forces  decomposing  the  Earth's  surface 
are  known  as  denuding  (Latin,  de,  denoting  removal,  and 
nudus,  naked)  forces.  Those  due  to  the  action  of  the 
atmosphere  alone  are  called  weathering  forces ;  those  due 
to  the  action  of  moving  water  as  erosive  (Latin,  erodo, 
erosum,  to  eat  away)  forces.  Weathering  and  erosion  are 
therefore  the  special  causes  of  denudation. 

The  e fleets  of  denudation  are  to  transport  part  of  the 
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Earth's  crust  from  one  place  to  another.  They  cause  a 
wearing  away  in  one  region  and  an  accumulation  (Latin, 
ad,  to,  and  cumulus,  a  heap)  at  another.  In  studying  the 
effects  of  the  forces  at  work  on  the  Earth's  surface,  we  must 
take  into  account  both  denudation  and  accumulation. 

The  Water  Circulation  on  and  in  the  Land. — We 
have  studied  the  changes  of  physical  conditions  and  the 
movements  of  water  in  air  and  ocean.  We  must  now  investi- 
gate these  on  and  in  the  land.  Some  of  the  rain  which  falls 
on  it  runs  off  in  streams.  Some  gathers  into  pools,  and  may 
flow  together  to  form  great  masses  of  water  in  the  hollows 
of  the  land,  which  we  call  lakes.  Some  sinks  into  the 
soil,  and  this  ground  water,  as  it  is  called,  slowly  makes 
its  way  through  the  solid  crust,  often  appearing  again  in 
a  spring.  In  colder  regions  the  water  falls  as  snow  and 
covers  all  the  land,  gathering  into  hollows  where  it  is  com- 
pressed into  ice.  From  these  hollows  it  slowly  makes  its 
way  as  an  ice  river,  or  glacier  (French,  glace,  ice)  into  lower 
levels.  If  on  land,  it  melts  and  runs  off  as  a  river.  Where 
it  enters  the  sea,  it  breaks  off  in  great  masses  of  floating  ice 
or  icebergs. 


CHAPTER    XIX 

WATER  IN  THE  LAND 

The  Underground  Water  Circulation. — Part  of  the 

water  that  falls  as  rain  sinks  into  the  soil.      Gravity  and 
capillary  forces  combine  to  cause  this. 

Water  and  most  other  liquids  are  found  to  rise  in  very  fine  tubes  that 
are  dipped  into  them,  and  this  phenomenon  is  called  capillarity  (Latin, 
capillus,  hair).  When  we  put  a  lump  of  sugar  on  a  wet  surface,  the  whole 
piece  soon  becomes  damp.  Any  porous  stone  would  become  similarly  wetted. 
The  same  thing  happens  in  the  soil.     This  is  caused  by  capillary  forces. 

The  permeability  of  the  soil  depends  partly  on  the 
nature  of  the  rocks  from  which  it  has  crumbled,  partly  on 
its  physical  condition,  and  partly  on  the  amount  of  water 
it  already  contains.  Stiff  clayey  soils  do  not  permit  water 
to  sink  readily  through  them,  and  some  stop  it  as 
efficiently  as  a  layer  of  concrete,  whereas  loose  sandy  soils 
let  the  water  pass  freely  downwards. 

After  filtering  through  the  soil  the  water  reaches  the 
solid  rock  or  a  bed  of  impervious  clay.  It  is  not  always 
arrested  there,  and  if  the  layers  be  of  sandstone  or  limestone 
it  can  pass  still  farther.  Hard  crystalline  rocks  are  prac- 
tically impervious  to  water,  unless  there  are  many  fissures 
in  them  through  which  it  can  soak.  But  ultimately  the 
downward  progress  is  stopped,  and  the  water  gradually  rises 
above  the  impervious  layer,  soaking  all  the  layers  above. 

If  a  soil  or  rock  is  thoroughly  soaked  with  water,  then 
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more  cannot  be  absorbed,  and  rain  falling  on  water-logged 
land  or  impervious  rock  must  either  run  off,  or  be  evapo- 
rated, or  else  lie  on  the  surface  and  form  lakes. 

Water  in  the  soil  may  leave  it  again,  not  by  sinking 
downwards,  but  by  rising  upwards  and  being  evaporated  at 
the  surface.  If  the  surface  of  the  soil  is  dried,  water  is 
drawn  by  capillary  attraction  from  the  wetter  layers  below 
to  the  surface,  where  it  is  evaporated. 

The  most  important  agents,  however,  for  raising  water 
from  the  soil  to  the  free  air  are  plants.  Plants  receive 
most  of  their  food  in  solution  in  water  absorbed  by  their 
roots.  The  water  is  constantly  transpired  (perspired) 
(Latin,  trans,  across,  and  spiro,  I  breathe),  so  that  a  trans- 
ference of  water  takes  place  from  the  outer  layers  of  the 
roots  mainly  to  the  outer  layers  of  the  leaves.  Through 
the  day  the  temperature  is  usually  high  enough  for  this 
water  of  transpiration  to  pass  off  as  invisible  vapour.  At 
night,  however,  this  water  often  gathers  on  the  leaves  and 
other  exposed  parts  of  the  plant  in  little  drops,  which  are 
erroneously  called  dewdrops. 

The  lady's  mantle  is  often  fringed  by  a  beautiful  border  of  large  so- 
called  dewdrops  in  the  morning,  and  blades  of  grass  frequently  have  strings 
of  these  fine  drops  along  them. 

Ground  Water,  Springs,  Wells,  and  Underground 
Rivers. — When  the  beds  of  the  layers  of  rock  are  not 
horizontal  the  ground  water  not  only  sinks  until  it  reaches 
an  impermeable  layer,  but  it  also  creeps  downhill  to  the 
lowest  trough  of  the  impermeable  stratum  (Latin,  stratum, 
a  bed  covering,  from  sterno,  I  spread  out). 

Should  this  lowest  part  of  this  water-barring  stratum 
of  rock  be  at  the  surface,  then  the  water  will  flow  off  there. 
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Such  an  outflow  of  water  is  called  a  spring.  But  if  this 
impervious  layer  is  not  at  the  surface  the  water  will 
accumulate  in  the  lowest  hollow  and  form  a  spring,  if  any 
part  of  this  layer  reaches  the  surface  at  a  lower  level  than 
that  at  which  the  water  originally  fell  as  rain. 

In  some  cases  the  impervious  stratum  does  not  reach 


Fig.  72b. 

the  surface  at  all,  and  no  visible  spring  is  formed.  The 
water  accumulates  above  it,  all  the  same.  In  some  places 
it  is  possible  to  get  at  these  underground  lakes,  as  we  may 
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regard  them,  although  they  are  choked  with  rocks  as  well 
as  filled  with  water,  by  digging  a  hole  in  the  ground 
which  we  call  a  well.  If  it  is  necessary  to  go  first 
through  impervious  layers  to  very  great  depths  before  the 
water  is  tapped,  the  wells  are  called  Artesian  wells,  after 
the  town  of  Artois  in  France,  where  they  were  first  sunk. 
Ordinary  water  holes  or  wells  may  be  sunk  in  most 
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places  where  the  soil  is  not  very  porous,  with  a  fair  chance 
of  water  gathering  in  them. 

As  the  underground  water  passes  through  the  soil  and 
rocks  it  dissolves  the  soluble  substances,  and  hence  spring 
water  differs  from  rain  water  in  the  substances  which  it 
holds  in  solution.  Water  that  has  passed  through  lime- 
stone rock  dissolves  some  of  it  and  becomes  "  hard,"  so 
that  it  is  difficult  to  make  a  soap  lather  when  using  it. 
When  water  issuing  from  springs  or  gathering  in  wells  is 
highly  charged  with  substances  in  solution,  it  is  called 
mineral  water.  If  it  has  passed  deep  below  the  Earth's 
crust,  it  becomes  heated,  and  some  waters  are  warm  when 
they  reach  the  Earth's  surface. 

A  special  type  of  such  a  warm  outflow  of  water  is  the 
geyser,  which  is  discussed  in  Chap.  XXV. 


CHAPTER  XX 

EIVEES  AND  LAKES 

Rivers.  —  In  rainy  weather  the  water  that  is  not 
evaporated  and  does  not  percolate  through  the  soil  gathers 
together  in  little  runlets,  which  flow  from  higher  to  lower 
levels  and  unite  to  form  a  stream  or  river.  The  stream 
grows  larger  as  more  and  more  runlets  join  it,  and  usually 
flows  in  a  well-marked  channel. 

But  most  rivers  flow  when  it  is  not  raining.  They  are 
supplied  with  water  that  has  sunk  underground  and  issued 
to  the  surface  again  in  springs.  Some  springs  constantly 
yield  water,  and  so  feed  the  river  in  dry  weather  as  well 
as  in  wet. 

The  water  which  lies  as  snow  on  the  hillsides  or  as 
ice  in  the  valleys,  forms  the  source  of  a  river  when  it  is 
melted  either  by  the  air  becoming  warmer  or  by  the  ice 
sliding  into  warmer  regions.  This  is  a  special  case  of  the 
surface  water  source  of  a  river. 

There  is  also  a  special  case  of  the  spring  source  of  a 
river,  for  sometimes  we  note  that  a  river  rises  in  a  lake. 
The  lake  may  get  its  supply  of  water  from  a  number  of 
springs  invisible  to  us,  which  keep  pouring  out  more  than 
enough  water  to  fill  the  lake  basin.  But  many  lakes  which 
are  said  to  be  the  source  of  a  river  are  themselves  supplied 
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with  water  not  only  from  springs,  but  also  from  a  number 
of  small  streams,  none  of  which  may  be  of  great  importance, 
but  all  of  which  together  help  to  maintain  the  water  in  the 
lake,  and  supply  the  overflow  which  forms  the  larger  river. 

There  is  one  distinction  to  be  noticed  between  streams 
derived  from  surface  water  and  streams  derived  from 
ground  water.  The  former  are  often  turbid,  or  drumlie  as 
the  Scots  say.  The  latter  are  usually  clear.  The  surface 
streams  rushing  over  the  ground  during  a  shower  of  rain 
carry  with  them  all  the  loose  particles  of  soil  with  which 
they  come  in  contact.  Glacier  streams  are  not  clear,  but 
are  usually  of  a  dull  whitish-green  colour,  due  to  fine  par- 
ticles of  soil  in  the  water,  composed  of  debris  ground  to  a 
fine  powder  under  the  ice. 

A  river,  therefore,  is  composed  of  water  and  rock  waste, 
passing  continuously  along  a  definite  course  from  higher  to 
lower  levels. 

Speed,  etc.,  of  Rivers. — If  we  throw  a  stick  on  a 
river,  it  is  carried  down  by  the  current.  By  noting  the 
time  it  takes  to  pass  over  a  measured  distance,  we  can 
calculate  the  speed  of  the  water  in  miles  per  hour  or  in 
feet  per  second. 

We  soon  discover  that  the  speed  of  the  water  is  not 
the  same  at  all  parts  of  a  river.  A  float  moves  more 
quickly  in  the  middle  than  it  does  near  the  sides.  If  we 
use  floats  which  keep  at  different  depths,  we  also  discover 
that  the  water  moves  faster  near  the  top  than  near  the 
bottom.  This  can  often  be  shown  by  stirring  up  the  mud 
in  the  bottom  of  a  river,  when  the  particles  rising  to  the 
upper  part  of  the  stream  are  seen  to  be  carried  down  more 
quickly. 
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If  we  make  a  section  of  a  river  and  draw  lines  through 
B  all  points  where  the  water  is  moving 
at  the  same  speed,  we  find  these 
lines  are  more  or  less  parallel,  and 
that  those  representing  the  greatest 
speed  are  near  the  middle  of  the 
river,  but  slightly  under  the  surface, 
while  those  representing  the  lowest 
speed  coincide  with  the  sides  of  the 
river.  (See  Fig.  73.  Speed  in  meters 
per  second.) 

This  is  easily  understood  if  we 
think  of  the  friction  that  must  take 
place  when  the  water  rubs  against 
the  ground.  The  farther  away  from 
the  bottom  a  particle  of  water  is,  the 
less  it  is  affected  by  this  friction, 
and  the  quicker  it  can  move.  There 
is  also  friction  on  the  surface  of  the 
water  where  water  and  air  meet. 
This  friction  is  very  small  compared 
with  that  where  water  and  land  come 
in  contact,  yet  it  is  enough  to 
slightly  retard  the  movement  of  the 
surface  layer  of  water.  Hence  the 
part  of  the  river  where  the  water 
moves  most  quickly  is  not  on,  but 
very  near,  the  surface. 

A  deep  and  moderately  broad 
river  will  move  more  quickly  down 
the  same  slope  than  a  shallow  and  very  broad  or  very  deep 
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and  very  narrow  one,  because  the  friction  is  less.  If 
we  measure  the  area  of  the  cross  section  of  a  river  a, 
and  the  length  of  the  line  where  water  and  land  are  in 
contact  b,  then  the  maximum  velocity  will  be  greatest  in 
a  river  where  a  is  greatest  compared  with  b — i.e.  where  the 
friction  is  least. 

The  line  of  maximum  speed,  the  current  line,  lies  over 
the  region  of  greatest  depth. 

A  deep  swift  stream  is  usually  higher  in  the  middle 
than  at  the  sides.  The  Mississippi  is  about  six  feet  higher 
in  the  middle  than  at  the  sides. 
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Fig.  74. — Valley  curves  of  Thames  and  Spey. 
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When  we  walk  along  the  banks  of  a  river,  we  soon  see 
that  the  water  moves  faster  at  some  places  than  at  others, 
that  the  rapids  occur  where  there  is  a  marked  slope,  and 
that  the  calm  reaches  exist  in  the  flatter  regions.  The  speed 
of  river  waters  as  a  whole  depends  on  the  slope.  The  slope 
is  greater  if  the  river  falls  more  in  a  given  length,  or,  what 
is  the  same  thing,  falls  the  same  height  in  a  shorter 
distance.  The  river  Thames  rises  at  a  height  of  370 
ft.,  and  its  length  is  210  miles,  so  that  its  average  fall  is 
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1*8  ft.  per  mile.  The  Spey,  one  of  the  more  rapid  of  the 
longer  rivers  in  Britain,  rises  at  a  height  of  over  3000  ft. 
in  more  than  one  of  the  streams  which  descend  into  the 
valley  where  Loch  Spey  is  1142  feet  above  the  sea.  Its 
length  is  107  miles,  hence  its  slope  is  28  ft.  per  mile, 
or  from  Loch  Spey  11^  ft.  per  mile. 

The  work  a  river  can  do  depends  partly  on  its  speed 
and  partly  on  its  mass.  The  mass  depends  on  the  volume 
of  water,  which  in  most  streams  increases  from  the  head- 
water or  source  of  the  river  to  its  mouth  or  junction  with 
the  sea.  In  most  cases  the  speed  of  the  river  is  greatest 
near  its  source,  but  its  volume  is  greatest  at  its  mouth. 

If  we  follow  a  river  from  its  source  to  its  mouth,  we 
find  part  of  its  course  is  over  relatively  steep  ground,  over 
which  the  river  rushes  with  great  violence :  this  we  call 
the  torrential  course,  and  it  is  most  commonly  found  near 
its  source,  where  the  river  rushes  down  the  hillsides.  In 
other  parts  the  water  still  rushes  rapidly,  but  here  and 
there  stretches  of  calmer  water  occur  between  the  rapids : 
this  is  the  rapid  course  of  a  river,  and  occurs  in  valleys 
among  the  hills.  Part  of  the  course  is  often  very  calm, 
with  hardly  a  stretch  of  rapidly  flowing  water :  this  is  the 
slow  course  of  a  river,  and  occurs  in  the  plains.  These 
features  are  best  marked  in  rivers  rising  at  a  considerable 
elevation.  When  the  source  of  a  river  is  not  very  high 
above  its  mouth  the  torrential  course  is  usually  very  short 
or  absent,  and  the  slow  course  very  long. 

Floods  and  Droughts. — We  have  considered  the 
way  a  river  changes  its  volume  and  speed.  We  must 
also  consider  its  changes  in  the  course  of  a  year. 

The  more  regular  supply  of  water  is  derived  from  under- 
ground, and  the  more  variable  supply  from  the  surface  waters. 
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If  the  rainfall  is  regular,  then  the  surface  water  supply 
will  be  regular,  as  well  as  that  from  underground.  An 
extra  heavy  or  long  rainfall,  however,  causes  the  river 
waters  to  increase  or  the  river  to  be  in  flood.  Then  the 
river  may  overflow  its  banks  in  the  valleys,  and  especially 
on  the  plains. 

Floods  are  commonest  where  the  water  supply  of  the 
streams  is  mainly  surface  water,  either  as  rain  water  or  as 
melted  snow  or  ice.  The  floods  occur  in  the  rainy  season, 
which  differs  in  different  parts  of  the  world,  or  in  the 
season  where  the  snows  are  melted  in  spring  and  summer. 
In  the  dry  seasons  the  river  may  be  very  low,  or  form  a 
series  of  pools,  or  even  dry  up  altogether.  A  river  course 
only  filled  with  water  for  a  short  time  during  the  rains  is 
called  a  wadi. 

The  character  of  the  soil  influences  the  nature  and  effects 
of  floods  and  droughts.  In  regions  where  the  rocks  are 
hard  or  impervious,  as  in  much  of  Scotland  and  northern 
England,  the  water  quickly  runs  off  the  land,  and  causes 
high  floods  in  wet  weather,  while  the  river  is  low  in  dry 
weather.  In  limestone  and  other  regions,  on  the  other 
hand,  where  the  water  can  sink  easily  into  the  soil,  heavy 
rains  do  not  cause  great  floods,  and  the  supply  of  under- 
ground water  maintains  the  volume  of  a  river  in  dry 
weather. 

Lakes  and  Marshes. — Any  hollow  in  the  land's 
surface  filled  with  water  which  has  no  visible  current  is 
called  a  lake.  Lakes  are  supplied  with  water  from  springs 
or  streams,  or  both. 

In  many  dry  countries,  as  we  have  seen,  the  evapora- 
tion is  sufficient  to  keep  the  lake  from  overflowing,  but  in 
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other  cases  the  lake  sends  away  its  surplus  water  by  a 
river. 

Lakes  act  as  filters  for  river  water,  for  all  the  mud  caD 
settle  in  their  still  waters,  and  the  streams  issuing  from 
them  are  therefore  clear.  The  Rhone  enters  the  Lake  of 
Geneva  a  turbid  green  stream,  but  leaves  it  a  clear  blue 
river. 

Lakes  without  an  outlet  are  generally  salt,  for  the 
water  evaporates,  but  not  the  substances  it  holds  in 
solution. 

Lakes  are  but  temporary  phenomena.  The  rivers  are 
constantly  filling  them  up  with  deposits  and  draining  them 
more  effectively  as  the  lip  of  the  hollow  they  flow  out 
over  becomes  lowered.  Ultimately  a  plain  is  formed. 
(See  p.  255.) 

Where  little  knolls  of  earth  appear  above  the  surface 
of  stagnant  or  apparently  stagnant  water,  with  plants 
growing  on  and  around  them,  so  that  the  surface  is  a 
mixture  of  land  and  water,  we  call  it  a  marsh  or  bog. 
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The  Snow  Line. — Of  the  water  that  remains  on  the 
surface  of  the  land,  most  flows  away  in  streams  to  the  sea ; 
but  in  regions  cold  enough  for  it  to  freeze,  the  solidified 
water  may  remain  for  a  long  time  on  the  surface.  It  may 
even  grow  to  a  very  thick  deposit  if  the  cold  conditions  are 
permanent,  as  in  the  south  polar  regions  and  in  Greenland, 
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where    the    land    is    covered    with    an    ice    sheet    several 
thousand  feet  thick. 

Above  a  certain  height  the  temperature  is  never  high 
enough  to  permit  all  the  snow  to  melt  on  the  mountains. 
This  limit  is  called  the  line  of  perpetual  snow,  or  upper 
Bnow  line.  There  is  another  line  lower  down,  where  the 
temperature  is  high  enough  to  let  most  of  the  snow  be 
melted  in  summer,  but  where  patches  of  snow  can  be  found 
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in  sheltered  spots  all  the  year  round.      This  is  the  lower 
snow  line. 

The  summit  of  Ben  Nevis  is  below  the  line  of  perpetual  snow,  but  above 
that  of  the  lower  snow  line.  Near  the  equator  snow  is  found,  on  the 
South  American  volcano  Chimborazo  at  a  height  of  about  16,500  ft.,  and 
on  the  African  mountain  Kenya  at  15,000  ft.,  but  in  the  Bernese  Oberland 
(46°  to  47°  N)  about  9500  ft. 

The  temperature,  however,  is  not  the  only  condition  to 
be  considered.  If  much  snow  falls  in  winter,  it  takes  longer 
to  melt  than  if  little  snow  falls ;  and  a  damp  summer 
increases  the  amount  of  snow  above  the  snow  line.  For 
instance,  the  snow  line  on  the  northern  slopes  of  the 
Himalayas,  where  comparatively  little  snow  falls,  is  about 
1200  to  1300  ft.  higher  than  that  on  the  warmer  southern 
slopes,  which  receive  abundant  snow. 

The  snow  does  not  lie  on  the  steeper  parts,  but 
accumulates  in  the  hollows.  The  wind  sweeps  it  away,  and 
also  helps  to  evaporate  it  more  quickly  in  the  exposed 
regions  than  it  does  in  sheltered  ones.  The  exposure  of  a 
mountain  side  affects  the  snow  line  as  well  as  the  climatic 
conditions. 

Avalanches. — The  snow  that  falls  on  the  hillsides 
either  evaporates,  or  melts  and  runs  away,  or  remains  as 
snow.  The  snow  remaining  on  the  steeper  slopes  is  in  a 
very  unstable  condition,  and  as  more  snow  is  added  the 
weight  ultimately  grows  great  enough  to  overcome  the 
friction  keeping  it  on  the  slope,  and  the  whole  mass  of 
loose  snow  falls  down  with  a  great  crash  into  the  valley 
below.  This  is  known  as  an  avalanche  (Latin,  ad,  to,  and 
vallis,  a  valley).  As  the  mass  of  snow  rushes  downwards 
the  air  in  front  is  compressed  and  forced  outwards,  causing 
a    wind  which    may    do  more    serious   damage    than    the 
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avalanche  itself.  These  wind  avalanches  are  common  in 
winter  when  fresh  snow  falls  on  an  old  hardened  snow 
surface,  and  are  greatly  dreaded. 

There  is  another  kind  of  avalanche,  known  as  a  ground 
avalanche,  which  falls  when  the  snow  is  melting  most 
rapidly  in  the  sunny  days  of  spring  and  early  summer. 
In  this  case  the  snow  is  not  dry  but  permeated  with  water, 
and  the  whole  mass  first  glides  over  the  slope,  then  breaks 
loose,  and  crashes  downwards  into  the  valley  below.  In- 
numerable ground  avalanches  fall  every  day  in  spring 
and  summer  in  snowy  mountain  regions  such  as  the 
Alps.  Most  of  them  are  small,  but  some  are  large  and  do 
great  damage. 

An  avalanche  may  also  be  caused  by  a  mass  of  ice 
breaking  loose  from  a  glacier  and  rushing  downhill. 

Glaciers.  —  In  high  mountainous  regions  the  snow 
accumulates  in  the  hollows  between  the  summits  and 
forms  a  snow  field.  It  is  known  as  neve*  (French)  or  firn 
(German),  and  differs  from  flakes  of  snow  in  being  formed  of 
rounded  grains.  This  snow  field  becomes  more  and  more 
compact,  for  the  surface  is  melted  by  the  Sun,  and  the 
water  trickles  down  through  the  snow  by  day,  and  the 
whole  is  frozen  again  at  night.  As  more  snow  is  added,  the 
lower  layers  become  more  and  more  compressed.  This  goes 
on  until  the  whole  is  a  mass  of  solid  ice,  termed  a  glacier. 

The  glacier  ice  is  not  the  same  as  neve  or  firn,  but  is 
made  up  of  an  infinite  number  of  ice  crystals  or  glacier 
grains,  usually  under  an  inch  in  diameter,  but  sometimes 
more.  This  ice  is  not  quite  stable,  for  if  the  land  slopes 
downwards  the  ice  begins  to  creep  down  that  slope  beyond 
the  snow  field. 
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We  may  divide  a  glacier  into  two  parts — the  snow 
field,  neVe  or  firn  region,  and  the  glacier  tongue  which 
projects  beyond  it.  The  glacier  tongue,  which  is  often 
simply  called  a  glacier,  is  a  river  of  ice. 

It  has  usually  a  curved  section,  and  is  highest  in  the 
middle.  The  heat  reflected  from  the  curved  sides  of  a 
valley  melts  the  surface  snow  near  it.  Hence  we  find 
in  a  glacier  moving  east  or  west  the  south  side  higher 
than  the  north  side,  as  this  is  the  shady  side  of  the  valley. 
In  a  glacier  moving  north  or  south  both  sides  are  the  same 
height. 

The  rate  of  motion  of  a  glacier  partly  depends  on  the 
resistance  offeied  to  its  progress  by  the  mountain  sides. 
The  steeper  the  slope,  the  faster  the  glacier  can  creep  down 
it.  The  speed  of  a  glacier  is  very  slow  and  very  much  less 
than  that  of  a  river  of  the  same  size  over  the  same  slope. 
Like  a  river,  it  moves  most  quickly  near  the  centre, 
and  most  slowly  near  the  sides  and  bottom,  where  the 
friction  caused  by  its  rubbing  against  the  land  is  greatest. 
Like  a  river,  too,  the  main  glacier  receives  tributaries  on 
either  side.  In  Switzerland  and  Norway  the  glaciers  move 
on  an  average  about  4  to  16  inches  a  day,  but  in  summer 
some  move  as  much  as  a  yard  in  twenty-four  hours.  In 
Greenland  the  Upernivik  Glacier  moves  nearly  33  yards  a 
day  in  summer. 

One  effect  of  the  unequal  rate  of  movement  in  the 
different  parts  of  a  glacier  is  to  form  a  number  of  cracks  or 
crevasses. 

"Let  AC,  in  the  annexed  figure,  be  one  side  of  the 
glacier,  and  BD  the  other ;  and  let  the  direction  of  the 
motion   be   that   iudicated  by   the    arrow.       Let   ST  be  a 
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transverse  slice  of  the  glacier,  taken  straight  across  it,  say 
to-day.  A  few  days  or  weeks  hence  this  slice  will  have 
been  carried  down,  and  because  the  centre  moves  more 
quickly  than  the  sides  it  will  not  remain  straight,  but  will 
bend  into  the  form  S'T'. 

"  Suppose  Si  to  be  a  small  square  of  the  original  slice 
near  the  side  of  the  glacier.  In  its  new  position  the 
square  will  be  distorted  to  the  lozenge-shaped  figure  S'i'. 
Fix  your  attention  upon  the  diagonal  Si  of  the  square :  in 
the  lower  position  this  diagonal,  if  the  ice  could  stretch, 
would  be  lengthened  to  S'i'.  But  the  ice 
does  not  stretch,  it  breaks,  and  we  have  a 
crevasse  formed  at  right  angles  to  S'f.  The 
mere  inspection  of  the  diagram  will  assure 
you  that  the  crevasse  will  point  obliquely 
upward  "  (Tyndall). 

Such  crevasses  are  known  as  marginal 
crevasses,  to  distinguish  them  from  two  other 
kinds — the  transverse,  running  across  the 
glacier ;  and  the  longitudinal,  running  along 
the  glacier.  Transverse  and  longitudinal  crevasses  are 
clue  to  changes  in  the  bed  of  the  glacier.  If  the  slope 
suddenly  becomes  steeper,  the  ice  is  not  plastic  enough  to 
become  thinner,  but  the  upper  surface  is  so  strained  that 
it  splits  at  right  angles  to  the  slope.  When  the  bed  of 
the  glacier  widens,  the  ice  spreads  out  over  the  whole 
bottom  of  the  bed,  and  again  the  upper  surface  is  strained, 
but  this  time  in  the  direction  of  the  motion,  so  that  the 
crevasses  are  formed  lengthwise.  These  longitudinal 
crevasses  are  commonest  where  the  slope  is  not  so  steep. 
The  water  melted  in  summer  on    the  surface  of  the 
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glacier  may  plunge  into  one  of  these  crevasses,  hollow  a 
course  for  itself  through  the  ice  below,  and  issue  from  the 
end  of  the  glacier  as  a  river.  Where  the  river  issues  from 
the  glacier  there  is  often  an  ice  cave,  whose  ice  walls  have 
wonderful  blue  colours.  The  sides  of  the  crevasses  are  also 
exquisite  shades  of  blue. 

The  primal  cause  of  the  motion  of  glaciers  is  the 
pressure  of  the  whole  mass  of  the  snow  field  forcing  the 
ice  down  the  lowest  slopes.  Ice  is  not  a  rigid  solid  but  a 
plastic  one,  so  that  it  gradually  fills  up  all  the  hollows 
under  the  action  of  gravity.  Separate  pieces  of  ice  can 
also  be  squeezed  together  into  one.  This  is  called  regclation 
(Latin,  re,  again,  and  gelo,  I  cause  to  freeze).  We  can 
therefore  imagine  the  mechanism  of  glacial  movements  to 
be  due  to  the  glacier  ice  grains  becoming  more  distinct  as 
the  pressure  is  reduced,  and  uniting  together  to  form  one 
mass  of  ice  as  the  pressure  increases  again. 

Glaciers,  like  rivers,  are  no  more  constant  in  volume 
than  in  speed.  After  a  very  snowy  winter  a  glacier  pushes 
farther  down  the  valley,  and  after  a  very  dry  winter  its 
end  recedes.  The  effect  of  a  heavy  snowfall  is  felt  at  the 
extremity  of  the  glacier  long  before  this  added  snow  reaches 
it,  for  the  weight  of  the  fresh  snow  presses  the  ice  beneath 
and  forces  the  whole  ice  mass  slightly  forward. 


CHAPTER   XXII 

ACTION  OF  EXTERNAL  FORCES  ON  THE  SURFACE 
OF  THE  LAND 

Changes  of  Temperature  and  their  Effects  on  the 
Land. — Most  of  the  solids  we  know  increase  in  volume 
when  they  are  heated  and  contract  when  they  are  chilled, 
unless  prevented  by  an  increase  or  a  decrease  of  pressure 
which  keeps  their  volume  constant.  They  expand  and 
contract  most  easily  perpendicularly  to  the  surface,  where 
the  atmosphere  alone  presses  on  the  top.  If  they  expand 
laterally,  they  increase  the  pressure  on  adjacent  rocks, 
which  may  also  be  expanding,  so  that  relief  to  this  pressure 
is  brought  about  by  a  bursting  outwards  and  a  breaking  up 
of  the  external  surface  of  the  rock.  Dr.  Livingstone  tells 
of  angular  masses  of  nearly  2  cwt.  being  split  in  this  way 
from  the  rocks  west  of  Lake  Nyasa.  If  a  contraction 
of  the  rocks  follows,  the  broken  parts  lie  loosely  on  the 
rock's  surface.  In  this  way  a  layer  of  broken  rock  may  be 
formed  over  the  rocks  of  a  dry  region,  where  temperature 
changes  are  common  and  considerable. 

If  the  land  is  flat,  then  this  layer  of  rock  waste 
becomes  thicker  and  thicker,  until  it  is  deep  enough  to 
prevent  the  temperature  changes  having  any  marked  effect 
on  the  solid  rock.      For  the  temperature  changes  are  trans- 
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mitted  from  the  surface  downwards.  They  take  time  to 
travel  and  diminish  in  intensity,  so  that  for  every  kind  of 
rock  waste  there  is  a  depth  below  which  the  temperature 
remains  steady  all  the  year. 

If  the  land  is  not  flat  the  fragments  broken  off  the 
rocks  on  the  slopes  fall  down,  owing  to  the  action  of 
gravity.  This  leaves  a  fresh  rock  surface  exposed  to  the 
action  of  the  weather.  More  of  the  rock  is  weathered  and 
falls,  until  a  great  accumulation  of  rock  waste  slopes  up 
from  the  hollow  below  to  the  upper  parts  of  the  exposed 
rock.      This  is  a  talus  or  scree  of  rock  waste. 

The  weathering  action  due  to  changes  of  temperature 
is  increased  if  water  be  present.  The  liquid  water  is  more 
easily  altered  in  bulk  by  change  of  temperature  than  the 
solid  rock.  The  water  in  the  rock  expands  both  on  being 
heated  and  on  being  cooled  from  a  temperature  of  39°  F 
(or  4°  C).  This  helps  to  split  up  the  rock.  The  action 
of  water  is  greatest  when  the  temperature  often  falls  below 
the  freezing  point  and  rises  again.  Then  the  water  is  changed 
into  ice.  Water,  unlike  most  other  substances,  expands 
considerably  when  it  is  changed  from  a  liquid  into  a  solid. 
A  cubic  inch  of  water  at  32°  F.  makes  1TV  cubic  in.  of 
ice  at  32°  F.,  at  the  mean  atmospheric  pressure  of  30  in. 
Every  little  drop  of  liquid  water  in  the  interstices  of  a 
rock  increases  in  this  proportion  when  it  becomes  a  solid. 
If  it  cannot  expand  freely,  it  exerts  a  great  pressure  on  the 
rock,  and  often  breaks  off  pieces  from  it.  The  water  is  a 
powerful,  if  silent,  blasting  agent.  By  its  expansion  and 
contraction,  rock  waste  is  also  accumulated  in  layers  above 
the  rock  or  in  a  talus  sloping  from  it. 

As  time  goes  on,  the  temperature  changes  affect  the 
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broken-off  pieces  of  rock,  which  are  themselves  broken  up  into 
smaller  bits,  and  the  rock  waste  on  the  surface  grows  finer 
and  finer.  As  the  pieces  of  rock  broken  off  dash  down  the 
slopes  they  hit  other  pieces,  and  a  certain  amount  of 
breaking  up  of  the  rock  waste  is  brought  about  in  this  way. 

The  landscape  formed  in  such  regions  as  have  been 
described  consists  of  bare  sharp-edged  rocks  rising  above 
a  mass  of  rock  waste  made  up  of  angular  fragments. 

The  Action  of  Wind. — In  some  parts  of  the  world 
the  wind  blows  at  times  with  terrible  force.  In  our  own 
country,  after  a  severe  gale  we  find  great  trees  blown 
down.  In  some  cases  almost  all  the  trees  in  a  plantation 
may  be  uprooted,  and  lie  in  parallel  lines,  telling  the 
direction  of  the  wind  that  destroyed  them. 

If  a  strong  wind  blows  over  a  dry  region  where  rock 
waste  has  accumulated,  the  lighter  particles  are  carried 
away.  The  air  does  not  move  forwards  in  a  uniform  mass. 
Part  of  the  air  may  even  be  going  backwards  while  the 
rest  is  pressing  onwards.  The  result  is  that  the  air  is 
swirling,  with  lulls  and  onrushes,  which  take  place  at  the 
same  time  at  different  places.  Whenever  there  is  a  lull 
the  particles  carried  by  the  wind  begin  to  sink  owing  to 
the  action  of  gravity,  but  when  the  air  rushes  onwards 
again  they  are  caught  up  and  carried  away. 

We  can  study  this  action  of  wind  for  ourselves  in  this 
country,  after  a  fall  of  fine  light  dry  snow,  if  a  gale  springs 
up  and  forms  snow  drifts.  We  can  judge  the  movement  of 
the  wind  from  that  of  the  snow.  Here  where  the  wind  is 
strong  it  is  caught  up  in  a  great  cloud,  which  appears  to  be 
rotating  as  well  as  moving  forwards.  Suddenly  the  snow 
particles  begin  to  sink  to  the  ground  when  a  lull  comes. 
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When  the  wind  falls  and  we  go  out  over  the  snow- 
covered  land,  we  find  the  hollows  filled  with  the  snow, 
and  only  the  higher  places  bare.  We  notice  that  if  any 
obstacle  has  interfered  with  the  wind's  progress  the  snow 
slopes  gently  on  the  windward  side,  that  there  is  a 
hollow  immediately  in  front  of  the  obstacle  but  that  the 
lee  sides  are  steep.  Any  obstacle  to  the  wind's  progress, 
such  as  a  wall  or  a  hedge  or  a  building,  brings  this 
about.  The  hollow  in  front  is  due  to  the  eddying  of  the 
wind  deflected  by  the  obstacle.  This  hollow  fills  up 
when  the  crest  of  the  slope  in  front  gets  as  high  as  the 
obstacle. 

Even  on  the  flat  ground  the  snow  is  not  quite  level.  It 
is  raised  in  deep  mounds,  between  which  are  hollows  where 
the  snow  is  not  so  deep,  and  may  be  ridged  like  ripple 
waves  on  the  seashore,  with  gentler  windward  and  steeper 
leeward  slopes. 

The  same  phenomena  can  be  observed  in  sandy  regions. 
The  sandy  plain  is  not  flat,  but  raised  in  ridges  and  sunk 
in  troughs,  and  sometimes  in  crescent-shaped  heights  with 
steep  slopes  to  the  centre,  reminding  us  of  a  volcanic  cone 
and  crater  with  one  part  cut  away.  Such  plains  of  sandy 
mounds  and  hollows  are  called  sand  dunes.  Sand  dunes 
are  common  on  the  coasts  of  the  British  Isles  and  many 
other  countries.  They  abound  in  the  sandy  regions  of 
the  Sahara,  the  Takla  Makan,  the  Great  Victoria  in  Western 
Australia,  and  other  deserts. 

If  we  wish  a  picture  of  the  bottom  of  the  ocean,  we  can  see  something 
nearer  to  its  general  aspect  in  these  sandy  deserts  than  elsewhere.  The 
wind-blown  sand  tends  to  fill  up  the  hollows,  and  leaves  only  the  more 
marked  heights  exposed,  just  as  in  the  ocean  floor  the  greatest  depths  are 
slowly  filled  up  except  where  some  strong  current  scours  the  bottom. 
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This  has  deceived  many  observers,  who  have  thought  that  the  Sahara 
or  the  deserts  of  Western  Australia  could  only  be  explained  by  supposing 
that  once  upon  a  time  these  regions  were  the  sandy  bottom  of  a  great  sea, 
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and  that  tliey  have  been  raised  to  their  present  position.  But,  as  we  see, 
there  is  no  need  to  make  any  such  assumption  to  explain  the  sand  of  the 
desert. 
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The  wind,  by  filling  the  hollows  with  sand  and  spread- 
ing it  over  the  flat  land,  protects  the  surface  of  the  rock, 
which  it  covers  with  layers  of  this  fine  rock  waste,  through 
which  changes  of  temperature  do  not  readily  penetrate  to 
the  rock. 

On  the  other  hand,  the  wind  helps  to  weather  the 
exposed  rock  by  causing  a  sand  blast,  which  beats  on  the 
rock  and  helps  to  rub  it  down  and  wear  away  its  surface, 
by  removing  the  finer  rock  waste,  and  so  permitting  more 
to  be  formed.  Sometimes  the  rocks  are  worn  into  most 
fantastic  shapes.  The  sand  particles  blown  about  soon  get 
polished  and  rounded. 

The  form  of  the  sand  grain  in  some  sandstones,  e.g.  the  Trias  of 
Charnwood  Forest,  leads  us  to  suspect  it  to  be  of  desert  origin. 

The  action  of  wind  tends  to  make  the  land  level,  by 
lowering  the  higher  rocks  and  raising  the  general  level 
by  spreading  the  rock  waste  over  the  surface  of  the 
ground. 

The  higher  rocks  are  angular  where  the  temperature 
changes  have  caused  parts  to  spiit  off,  but  most  of  them  are 
rounded  and  polished  by  the  wind-driven  sand,  which  is 
heaped  in  great  dunes  on  the  low  ground,  indicating  not 
the  surface  irregularities  of  the  solid  rock  it  covers,  but 
merely  the  effects  of  the  wind's  action. 

The  winds  may  blow  the  desert  sand  out  to  sea.  This  sometimes 
happens  west  of  the  Sahara.  The  north-east  trade  winds  carry  the  fine 
sand  out  to  sea,  and  passing  sliijjs  have  their  decks  and  sails  covered  with 
it.  Early  in  1898  a  steamer  of  the  Castle  Line  coming  from  Cape  Town 
to  England  steamed  for  several  days  through  a  cloud  of  sand,  which  was 
so  dense  that  the  captain  could  not  take  any  observations  of  the  Sun  or 
stars,  and  had  to  sail  by  dead  reckoning. 
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Action  of  Surface  Water.  —  Kunning  water  weara 
away  the  land,  either  chemically  by  dissolving  parts  of  the 
rocks  over  which  it  passes,  or  physically  by  transporting 
particles  of  rock  waste.  The  latter  is  by  far  the  most 
important. 

The  rain  falling  on  the  ground  trickles  off  in  runlets, 
which  carry  with  them  the  finer  particles  of  soil.  The 
runlets  unite  to  form  a  stream,  whose  volume  is  greater 
and  whose  powers  as  a  carrier  of  rock  waste  are  larger 
than  those  of  the  runlets.  The  power  of  transport  depends 
not  only  on  the  quantity  of  water  in  the  stream,  but  also 
on  its  speed.  But  we  must  distinguish  between  streams 
whose  powers  of  transport  are  great  because  they  flow 
quickly,  and  those  whose  powers  of  transport  are  great 
because  they  contain  much  water.  The  mountain  torrent 
is  an  example  of  the  first,  a  great  river  winding  across  a 
plain  is  an  example  of  the  second. 

The  torrent  rushing  over  the  sides  of  a  mountain  can 
carry  large  masses  of  rock,  but  a  river  winding  over  the 
plain  at  the  speed  of  a  mile  per  hour  cannot  drag  along 
pebbles  larger  than  pigeon's  eggs. 

The  streams  rushing  over  a  hillside  carry  down  all  the 
stones  in  their  course  that  are  not  too  large  for  them  to 
move.  But  they  do  more  than  this.  The  water  washes 
away  the  finer  material  round  some  large  block  of  rock 
which  it  could  not  move,  but  which  it  gradually  under- 
mines. At  last  the  block  totters  and  falls,  crashing  down 
the  hillside,  crushing  all  it  strikes  against,  dislodging  other 
masses  of  stone,  which  join  in  the  rock  race  and  dash  into 
the  valley  below,  sometimes  smashed  up  into  innumerable 
fragments. 
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When  stones  accumulate  in  a  hollow  in  the  river's  bed  and  are  turned 
round  and  round  by  the  current,  they  gradually  deepen  the  hole,  especially 
if  the  rock  of  the  stream  bed  is  soft,  and  form  what  are  known  as  pot-holes. 

The  stream  is  constantly  eating  into  the  hillside  and 
creeping  farther  back  from  the  valley,  tending  to  give  its 
upper  bed  a  gentler  and  more  regular  slope.  The  waste  it 
carries  down  accumulates  at  the  foot  of  the  slopes  in  fan- 


Fig.  79. — Alluvial  fans  and  valley  flood  plain,  in  the  mountains  of 
Dauphine.     (From  a  Photo  by  P.  Combres.) 

shaped  masses.  As  more  and  more  is  brought  down,  the 
stream  bed  is  carried  forward  and  raised,  and  is  made  in 
the  talus,  and  not  in  the  solid  rock  of  the  hillside.  This 
also  makes  the  slope  of  the  stream  bed  more  regular. 

Where  water  is  present  in  sufficient  quantities  to  wash 
away  the  rock  waste,  little  or  no  talus  is  formed,  but  the 
waste  is  carried  down  to  the  valley,  and  then  most  of  it  is 
borne  down  the  valley  by  the  stream.      There  is  a  steady 
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wearing  away  of  the  land,  and  a  constant  carrying  down  ol 
the  rock  waste  to  the  lowest  regions.  In  this  torrential 
part  of  its  course  the  river's  action  is  destructive. 

In  the  bottom  of  the  valley  the  speed  of  the  water, 
though  still  rapid,  is  much  less,  but  its  volume  gradually 
increases.  The  erosion  is  not  so  great,  but  the  river  still 
deepens  its  bed  and  also  widens  it.  The  river  eats  into 
the  sloping  banks  it  presses  against,  and  gradually  under- 
mines them,  so  that  part  of  them  falls  into  the  river  and 
is  carried  off.  In  this  way  a  continual  waste  of  the  land 
is  caused,  which  is  shown  in  a  graphic  form  by  the  widen- 
ing of  the  channel. 

A  deposition  of  the  waste  carried  down  by  the  stream 
takes  place  in  the  valley,  especially  if  the  river  has  come 
down  in  flood  and  covered  the  bottom  of  the  valley  with 
muddy  water.  The  water  gradually  drains  off  as  the  river 
falls  again,  but  a  layer  of  fine  mud  or  silt  is  left  on  the 
surface  of  the  valley  floor. 

We  have  already  learned  in  Chap.  XX.  that  a  river  will  flow  faster 
the  greater  its  fall  per  mile,  and  that  a  river  will  contain  more  water  as  its 
cross  section  increases  in  area.  The  friction,  however,  with  the  same  cross 
section  will  be  much  greater  if  the  river  is  shallow  than  if  it  is  deep. 

In  all  cases,  then,  the  power  of  a  river  increases  with  increase  of  fall,  and 
of  area  of  cross  section,  but  diminishes  with  the  length  of  the  river  and  the 
circumference  of  the  cross  section. 

In  the  flat  plain  the  river  moves  still  more  slowly,  but 
its  volume  is  greater  owing  to  new  streams  joining  it.  It 
now  carries  much  fine  rock  waste,  which  is  either  deposited 
in  the  river  bed  or  on  the  plains  on  both  sides  of  the 
river,  or  carried  out  to  sea  and  deposited  at  or  near  the 
river  mouth. 

Floods  are  of  even  greater  consequence  on  the  plain 


ACTION   OF    EXTERNAL   FORCES 


189 


than  in  the  valleys.      Then,  all  the  waste  worn  from  the 
high  lands  and  lying  in  the  valleys  is  carried  down  with 


the  flood  waters  and  poured  over  the  plain.  The  heavier 
waste  carried  by  the  main  current  settles  near  the  main 
stream,  but  the  muddy  waters  may  spread  over  the  plain. 
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More  waste  is  borne  by  the  main  stream,  and  the  flood 
plain  of  the  river  is  pushed  out  to  sea. 

The  river  winds  round  every  obstacle  on  the  plain 
When  it  strikes  against  any  more  compact  area  it  is 
thrown  back,  and  the  current  turned  to  the  opposite  bank, 
which  it  wears  away,  so  that  the  stream  does  not  run 
straight  on,  but  bends  away  from  the  obstacle.  Another 
obstacle  will  once  more  deflect  the  river  and  cause  a  new 
turning.  In  this  way  the  river  slowly  winds  across  the 
plain.     (See  Fig.  81.) 

In  the  diagram  the  stream  line  SS'  is  deflected  by  the 
projection  L.  The  current  on  the  L  side  proceeds  until 
it  strikes  against  A,  and  is  then  deflected  so  that  an  eddy 
or  whirl  is  formed  at  E.  If  there  are  stones  at  bottom 
moved  round  by  this  current,  they  may  wear  a  pot-hole  in 
the  rock.  The  bank  of  the  river  is  gradually  worn  away 
at  R,  as  shown  in  diagram  1,  Fig.  81. 

The  windings  or  meanderings  (from  the  winding  river 
Meander,  now  called  the  Menderes,  in  Western  Asia 
Minor)  grow  more  marked  as  time  goes  on.  The  water 
rushing  against  the  concave  or  outer  bank  hollows  it  out 
and  wears  it  away,  while  in  the  calmer  waters  near  the 
convex  or  inner  bank  debris  is  deposited.  The  curvature 
becomes  gradually  greater  at  each  bend.  Ultimately  two 
concave  sides  approach  each  other,  the  ground  between 
them  is  eroded  on  both  sides,  is  ultimately  removed,  and 
the  river  flows  on  in  a  straight  course  from  E  to  R". 

The  bank  eaten  into  is  always  the  higher  of  the  two, 
and  the  one  where  deposition  is  taking  place  is  low. 

An  island  is  formed  in  this  way,  and  now  the  stream 
line  breaks  into  two.     Immediately  above  and  below  the 
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island  are  calmer  parts,  where  deposition  goes  on.  This 
takes  place  most  actively  on  the  side  where  the  current  is 
slackest.  The  island  grows  in  length,  and  ultimately  is 
joined  to  the  bank  (in  this  case  the  left  bank),  and  only 
a  pool  remains  on  the  left  side  to  tell  of  the  river's  old 
course ;  and  in  the  course  of  time  this  pool  may  be 
tilled  up. 


Fig.  81. 


The  action  of  water  in  hollowing  out  the  higher  ground 
and  filling  up  the  plains  along  well-marked  lines  yields 
more  picturesque  results  than  the  action  of  wind,  which  is 
more    equally    distributed  over   the   surface.       The   water 


IQ2 


PHYSIOGRAPHY 


produces  irregularities,  the  wind  tends  to  cover  them  up. 
Ice,  while  it  also  moves  along  definite  lines,  rounds  off  the 


prominences  in  its  course,  and  smooths  the  land  surface 
more  than  water. 
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The  river  in  the  valley  both  destroys  and  constructs. 
Towards  the  head  of  the  valley  the  action  is  mainly  one 
of  wearing  away  the  rocks ;  towards  the  foot  of  it,  mainly 
one  of  laying  down  the  waste  worn  off  higher  up  the 
stream.  The  valley  is  the  channel  by  which  the  hills 
are  carried  to  the  plains,  and  even  out  to  sea. 

In  the  valley  the  river's  action  varies  most  as  the 
river  rises  and  falls,  changing  from  a  quiet  stream  doing 
little  work  to  a  rushing  torrent  carrying  all  in  front  of  it. 
One  great  flood  makes  more  change  in  the  valley  in  a  few 
days  than  the  ordinary  river  does  in  many  months. 

The  amount  and  nature  of  the  work  a  river  can  do 
depends  on  its  course.  Where  a  river  has  many  torrential 
tributaries,  it  helps  to  lower  the  land  relatively  quickly. 
The  Po,  which  receives  so  much  water  from  the  steep 
slopes  of  the  lofty  Alps  and  Apennines,  is  estimated  to  lower 
its  basin  -gV  of  an  inch  per  year.  It  is  also  extending  its  flood 
plain  rapidly  eastwards  at  a  rate  of  over  75  yards  per  year. 
The  plain  of  the  Po  has  been  formed  relatively  quickly  from 
rock  waste  washed  down  from  the  surrounding  mountains. 

The  Po  may  be  contrasted  with  the  Thames  or  the 
Seine  or  the  Khine,  where  the  torrential  tract  of  the  main 
stream  and  its  tributaries  forms  a  much  smaller  proportion 
of  the  whole  basin.  These  rivers  are  estimated  to  carry 
sediment  to  the  sea  enough  to  lower  their  basins  $£0  of  an 
inch  per  annum. 

It  is  obvious  that  if  these  are  the  rates  applied  to  the  whole  basin,  the 
loftier  parts  must  be  wearing  away  at  a  much  greater  rate.  Even  with  a 
reduction  of  1  inch  in  sixty  years,  as  in  the  Po  basiu.  a  foot  would  be  taken 
f?om  its  whole  area  in  720  years,  or  nearly  1400  feet  in  a  million  years. 

When  the  river   enters  a  gorge,  such  as  that  of  the 
13 
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Rhine,  it  is  usually  narrowed  and  deepened.  This  increases 
the  erosive  power  of  the  river,  and  helps  to  make  it  wear 
away  its  bed  more  quickly. 


When  a  river  flows  through  an  almost  rainless  region 
it  receives  no  local  tributaries,  and  the  land  is  not  eroded 
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except  in  the  river  bed.  It  then  forms  a  gorge  or  canyon 
e.g.  the  Colorado  or  the  Orange. 

The  effect  of  the  addition  of  a  tributary  to  a  main 
stream  is  also  to  increase  the  erosion  immediately  below 
their  junction ;  for  while  the  united  streams  have  the 
same  volume  of  water,  they  have  greater  available  energy 
owing  to  less  surface  being  exposed  to  friction.  A  glance 
at  the  diagram  of  the  two  separate  rivers  A  and  A'  and  the 
united  river  A"  shows  this  clearly. 

Near  the  seaward  end  of  a  flood  plain  the  slope  of  the 

stream  bed  is  very  slight,  and  the  river  is  easily  diverted 

from  its  course.      It  breaks  up  into  branches,  which  unite 

again  and  divide  again,  until  - 

a  whole  network  of  streams       SP      a  ^A?@i 

.  cV--------^d      c'V^_^d' 

spreads    over   the  plain,   ana 

the  river  may  reach  the  sea  =g^?g!glg= 

by  several  mouths.     This  part 

of  the  flood  plain  of  a  river  is 

called  a  delta,  because  it  usually  spreads  in  a  fan  shape  or 

A  (the  Greek  letter  called  delta)  shape  from  the  place 

where  the  main  stream   first  divided.      The  Delta  of   the 

Nile  is  typical,  and  was  that  to  which  the  name  was  first 

applied. 

The  branches  of  the  river  crossing  the  delta  to  the  sea 

are  called  distributaries,  for  they  distribute  the   waters  of 

the  river  to  the  ocean. 

Forces  deflecting  the  Course  of  a  River. — The  nature  of  the  rock  over 
which  a  river  flows  and  the  power  of  the  river  to  erode  them  are  not  the 
only  factors  which  determine  the  course  of  a  stream.  Like  other  moving 
particles,  the  river  waters,  owing  to  the  Earth's  rotation,  are  deflected  to  the 
right  in  the  northern  hemisphere  and  to  the  left  in  the  southern.  For  this 
reason  the  water  is  higher  on  the  right  bank  in  the  northern  hemisphere, 


Fig.  84. 
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but  this  difference  is  very  trifling.  Persistent  strong  winds  blowing  across 
a  river  raise  the  level  of  the  water  on  the  far  side,  which  may  be  somewhat 
more  rapidly  eroded  in  consequence.  Neither  of  these  forces,  however,  is 
of  much  consequence. 

Of  far  greater  importance  is  the  deflection  due  to  many  tributaries  enter- 
ing on  the  same  bank  and  pushing  the  water  against  the  opposite  one. 
This  can  be  well  traced  in  the  Ganges,  Po,  and  many  other  rivers  which 
instead  of  flowing  through  the  middle  of  their  basin  flow  to  one  side  of  it — 
the  side  farthest  away  from  the  most  important  tributaries.     The  sediment 


Fig.  85.— The  Delta  of  the  Nile. 


brought  down  by  these  tributaries  will  also  raise  the  general  level  of  the 
land  aud  push  the  lowest  region  of  the  basin  on  one  side. 

Action  of  Underground  Water. — The  water  that 
sinks  through  the  soil  carries  the  finer  particles  down- 
wards. In  a  region  where  the  temperature  falls  below  and 
rises  above  the  freezing  point,  the  water  in  the  subsoil  ia 
frozen  and  thawed,  and  so  helps  to  decompose  the  subsoil 
by  its  alternate  expansion  and  contraction. 
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In  polar  regions  water  acts  as  a  binder  of  the  soil, 
making  it  impervious,  for  it  is  permanently  frozen  except 
on  the  surface.  The  water  accumulates  in  summer  above 
the  frozen  soil,  which  is  as  impervious  as  the  hardest  rocks. 

In  most  regions  water  does  more  than  disintegrate 
the  soil  by  its  physical  action.  All  the  organisms  living 
in  it  are  actively  breathing,  and  this  breathing  removes 
oxygen  and  adds  carbon  dioxide  or  carbonic  acid  (C02)  to 
the  air  and  water  between  the  solid  particles.  There  is 
no  counterbalancing  action  such  as  takes  place  where  the 
green  parts  of  plants  are  in  the  sunlight.  Hence  the  pro- 
portion of  carbon  dioxide  is  very  large.  It  is  easily  dissolved 
in  water.  The  solution  thus  formed  is  a  ready  solvent  of 
many  constituents  of  the  soil  which  pure  water  does  not 
affect,  and  these  are  thus  decomposed  by  chemical  action. 
The  water  in  the  subsoil  also  holds  other  acids  in  solution, 
and  these  too  eat  away  the  solid  particles. 

We  can  now  understand  how  some  springs  are  effer- 
vescent (Latin,  ex,  out  of,  and  ferveo,  I  boil),  or  saline  (Latin, 
sal,  salt),  or  chalybeate  (Greek,  chalyps,  steel).  The  water 
that  issues  from  them  has  absorbed  much  carbonic  acid, 
or  has  passed  through  strata  containing  soluble  saline 
substances,  or  iron. 

As  the  water  eats  away  parts  of  the  solid  rock  it 
leaves  hollows,  which  are  called  caves  when  they  are  large. 
Caves  are  commonest  in  limestone,  salt,  or  gypsum  rocks, 
which  are  especially  easily  corroded  by  a  solution  of  car- 
bonic acid. 

The  underground  water  may  gather  into  natural  clefts 
in  the  rocks,  not  produced  by  its  own  corrosive  action. 

In  limestone  countries  rivers  issuing  from  underground 
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are  not  uncommon.  Some  rivers  have  part  of  their  course 
above  and  part  under  ground,  disappearing  under  or  re- 
appearing at  the  surface  again  several  times.  They  form 
long  underground  galleries,  many  of  which  can  be  explored. 

The  parts  now  open  to  the  air  have  in  some  cases  once 
been  underground  but  the  top  has  fallen  in.  This  is  shown 
by  the  open  valley  being  occasionally  spanned  by  a  natural 
bridge  of  rock,  part  of  the  original  roof,  which  has  not 
tumbled  down. 

Many  valleys  in  limestone  regions  have  no  visible 
stream  until  the  ground  underneath  is  completely  saturated 
with  water  after  heavy  rains.  These  are  locally  known  as 
bournes  in  Oxfordshire. 

Water  which  has  passed  through  limestone  is  saturated 
with  soluble  carbonate  of  lime.  "When  the  water  drops 
from  the  roof  of  any  hollow,  or  trickles  down  its  sides  or 
along  its  floor,  some  of  the  water  is  evaporated,  and  part  of 
the  carbonate  of  liine  is  precipitated.  The  limestone  grows 
down  from  the  roof  at  the  place  where  the  water  drops, 
and  rises  up  from  the  ground  at  the  place  where  it  falls. 
The  upper  part,  or  the  stalactite,  ultimately  meets  the 
lower  part,  or  the  stalagmite,  and  forms  a  pillar.  Many 
beautiful  caverns  are  decorated  in  this  way  by  natural 
pillars.  In  England  such  caves  exist  near  Buxton  and 
Cheddar. 

The  whole  of  the  phenomena  we  have  heen  descrihing  are  very  common 
in  all  the  limestone  regions  north  and  east  of  the  Adriatic,  to  which  the 
name  Karst  is  sometimes  applied.  From  this  they  are  often  described  as 
Karst  phenomena. 

Glacial  Action. — Temperature  is  low  where  glaciers 
exist.     The  rocks  are  therefore  readily  broken  up  by  the 
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freezing  of  water,  and  fall  to  pieces  as  the  ice  melts  again. 
There  is  a  marked  contrast  between  the  upper  parts  of 
the  hillsides  where  this  goes  on,  leaving  the  rocks  angular, 
and  the  lower  parts,  where  the  ice  has  smoothed  all  the 
sharp  edges. 

The  rock  fragments  fall  down  the  sides  of  the  valley 


Fig.  86. — Viesch  Glacier,  Bernese  Oberland. 
(After  a  Photo  by  the  Author.) 

and  many  tumble  on  to  the  glacier  and  are  carried  along  by 
it.  The  sides  of  the  glacier  are  fringed  by  this  deposit  of 
rock  waste,  which  is  termed  a  moraine.  When  two  glaciers 
meet  and  unite,  two  of  these  side  or  lateral  moraines  also 
unite  and  form  a  line  of  rock  waste  moving  with  the  middle 
of  the  glacier,  and  termed  a  medial  moraine. 
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The  moraines  are  usually  higher  than  the  rest  of  the 
glacier,  not  only  because  of  the  stones  which  form  them; 
but  also  because  this  covering  of  stones  protects  the  ice 
under  it  from  the  sun's  rays,  so  that  they  stand  on  an  ice 
ridge.  A  great  isolated  block  of  stone  on  a  glacier  acts  in 
the  same  way,  and  is  usually  seen  on  the  top  of  a  column 
of  ice  forming  a  table.  But  little  isolated  stones  have  the 
opposite  effect.  They  become  greatly  heated  by  the  rays 
of  the  summer  sun,  and  melt  the  ice  around  them,  and  so 
sink  into  the  glacier  instead  of  standing  above  its  surface. 
The  ice  of  most  glaciers  near  their  lower  end  is  almost 
hidden  by  the  morainic  matter  carried  on  its  surface. 

At  last  the  glacier  reaches  the  lower  levels,  where  the 
ice  melts  and  the  water  runs  off  as  a  river. 

Where  the  ice  of  a  glacier  melts,  the  rock  waste  it 
carries  is  deposited  on  the  land,  and  forms  a  terminal 
moraine  which  is  concave  to  the  ice. 

The  rock  waste  on  the  top  of  a  glacier  is  carried  down 
through  the  ice,  not  only  by  its  own  weight  but  also  by 
water  which  rushes  into  the  crevasses. 

Eock  waste  is  found  not  merely  on,  but  in  the  glacier. 
It  does  not  all  sink  from  above,  but  may  be  squeezed  up 
from  below.  Where  a  number  of  stones  have  sunk 
with  the  water  through  a  hollow  to  the  bottom  of  the 
glacier,  a  glacial  mill  is  formed.  This  excavates  the 
rock  and  hollows  out  holes,  known  as  pot-holes  or  giant's 
kettles. 

While  the  surface  of  the  ice  sheet  is  exposed  tc 
weathering,  and  even  to  erosion,  it  protects  the  land  it 
covers  from  such  influences. 
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The  glacier,  however,  does  not  pass  over  the  land 
without  profoundly  modifying  its  surface.  That  its  motion 
is  slow  is  no  reason  for  assuming  that  its  action  is  slight. 
We  must  remember  the  great  mass  of  ice  that  is  moving 
and  the  great  pressure  which  it  exercises  on  the  surface 
over  which  it  passes. 

There  can  be  no  doubt  that  the  glacier  removes  rock 
waste  that  had  accumulated  before  the  ice  formed,  and  that 
the  glacier  abrades  and  polishes  the  solid  rocks,  removing 
the  surface  layers  in  the  process,  and  even  plucks  pieces 
from  them. 

AVe  can  measure  the  rock  waste  which  has  been  carried  and  deposited 
by  a  glacier.  In  all  cases  it  has  been  found  that  this  represents  a  small 
fraction  of  the  valley  in  which  the  glacier  must  have  travelled ;  but  much 
waste  is  carried  away  in  the  glacial  streams. 

The  glacier-fed  streams  are  always  muddy,  and  the 
suspended  matter  gives  them  a  whitish-grey  or  green  colour. 
The  mud  brought  by  these  streams  represents  an  amount 
of  erosion  greater  than  that  of  an  ordinary  river,  which  is 
rarely  muddy  save  in  times  of  flood. 

The  valley  down  which  a  glacier  has  slowly  slid  is 
more  U-shaped  than  V-shaped.  Its  sides  are  rounded, 
and  when  we  look  at  the  floor  of  the  valley  we  see  that 
the  protruding  rocks  are  smoothed.  They  are  termed 
roches  moutonndes,  the  French  term  for  this  appearance, 
which  meaus  "  mammillated  like  a  lawyer's  wig,"  The 
harder  rocks  are  scratched  with  lines  known  as  glacial 
markings,  furrows,  or  strise  (Latin,  stria,  a  furrow),  which 
are  usually  found  pointing  in  one  direction.  Here 
and  there  a  great  boulder  is  found,  which  may  be  of 
quite  a  different  kind  of  rock  from  that  of  the  region  in 
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which  it  is  found,  and  whose  presence  can  be  accounted  foi 
by  imagining  the  glacier  to  have  brought  it  there. 

Where  a  height  rose  in  its  path,  the  ice  either  passed 
round  it  or  passed  over  it  as  well  as  round  it.  An  extra 
pressure  was  put  on  the  ice  jammed  against  the  head 
and  sides  of  the  height,  and  the  ground  there  was  usually 
hollowed.  On  the  other  hand,  the  ice  behind  the  height 
was  not  so  much  pressed,  and  waste  tended  to  gather,  and, 
when  the  ice  melted,  the  height  was  left  with  steep  sides 
rising  above  hollows  on  three  sides,  and  a  long  slope  of 
rock  waste  on  the  fourth  side.  This  is  called  a  crag  and 
tail  formation.  Old  Edinburgh  is  built  on  a  tail,  and 
the  Castle  stands  on  the  top  of  a  crag,  surrounded  by 
hollows  on  three  sides.  This  crag  and  tail  formation  can 
also  be  observed  round  any  big  stone  in  a  river  bed. 

At  one  time  most  of  our  own  country  north  of  the 
Thames  was  covered  with  ice.  The  polished  rock  with 
many  scratchings,  and  many  crag  and  tail  formations, 
tell  the  direction  in  which  the  ice  moved  along  this 
line.  This  is  confirmed  by  the  distribution  of  boulders 
and  the  presence  of  great  terminal  moraines.  From  a 
study  of  these,  geologists  have  been  able  to  map  the 
regions  formerly  covered  with  ice  and  to  trace  the  lines 
along  which  the  ice  moved. 

Pot  -  holes  or  giant's  kettles  may  also  be  marks  of 
glacial  action.  These  hollows  may  be  filled  with  water 
after  the  glacier  has  vanished,  and  then  they  are  known 
as  tarns.  But  tarns  are  also  formed  in  the  hollows  of 
morainic  accumulations. 

In  some  regions  the  hard  rock  is  left  bare  and  polished 
after  the  glacier  melts.      Such  lands  are  usually  poor  and 
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useless,  and  are  known  as  barren  lands.  In  other  regions 
the  morainic  material  covers  the  rock  with  what  is  usually 
called  till  or  boulder  clay,  a  dark  stiff  unstratified  tclay, 
which  does  not  let  water  pass  through  it. 

The  morainic  material  is  sometimes  arranged  in  long 
rounded  ridges  from  30  to  60,  and  even  in  Scandinavia  to 
200,  feet  high,  and  20  to  30  or  even  60  miles  long.      Such 


Fig.  87. — An  Antarctic  iceberg.     (From  Photo  by  Dr.  W.  S.  Bruce.) 

ridges  with  steep  slopes  of  about  30°  are  called  kames  in 
Scotland  and  eskers  in  Ireland.  They  probably  mark  the 
course  of  a  river  under  the  ice,  and  they  are  joined  here 
and  there  by  other  kames  or  eskers  which  evidently  have 
been  formed  by  tributaries  of  the  main  river. 

Icebergs. — In  regions  such  as  Greenland  and  Alaska, 
a  glacier  creeps  into  the  sea,  and  from  time  to  time  great 
masses   break  and    float  away.     These   masses  are    called 
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icebergs.  Usually  five  or  six  times  the  visiole  ice  is  below 
the  water.  Icebergs  help  to  distribute  part  of  the  material  of 
the  ground  moraine,  which  clings  to  their  base,  until  the 
ice  fixing  it  is  melted,  when  it  falls  to  the  floor  of  the 
ocean.  Eock  waste  inside  or  on  the  upper  surface  of  an 
iceberg  reaches  the  sea  bottom  when  the  ice  melts. 

The  antarctic  regions  are  covered  with  a  great  cap  of 
ice,  from  which  lofty  icebergs  of  great  size  break  off.  One 
of  these  is  shown  in  the  picture.  (See  Fig.  87.)  Arctic 
icebergs  are  much  smaller. 

The  Action  of  Waves. — When  we  look  at  a  calm  sea, 
we  find  it  difficult  to  imagine  that  it  can  have  much 
influence  on  the  land ;  but  if  we  stand  on  the  beach  when 
a  gale  is  blowing  and  the  great  waves  come  dashing  against 
it  with  thunderous  roar,  we  realise  what  a  power  the 
moving  water  has.  The  force  of  the  waves  during  a  great 
storm  is  often  sufficient  to  move  huge  masses  of  rock,  and 
to  do  serious  damage  to  breakwaters  built  by  man  to  pro- 
tect his  ships  from  the  fury  of  the  waves.  Blocks  of  stone 
nearly  forty  tons  in  weight  have  been  moved  several  feet 
by  the  waves  at  Barra  Head. 

Although  the  waves  move  great  stones  only  during 
severe  storms,  yet  they  are  constantly  eroding  the  land. 
The  waves  eat  much  more  quickly  into  a  coast  composed 
of  soft  rocks,  especially  when  that  rock  is  one  like  chalk, 
which  is  slowly  dissolved  by  the  water  as  well  as  worn 
away  by  mechanical  means.  Hard  granite  cliffs  are  not 
easily  broken  up  by  the  waves  or  water.  In  some  places 
the  waves  beat  against  sandy  or  shelly  or  pebbly  beaches. 
Every  wave  breaking  on  such  a  beach  moves  some  sand 
grains  and  pebbles  forward  with   it,  and  these  are  sucked 
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back  again  as  the  waters  recede.  This  constant  rubbing 
of  the  particles  of  rock  or  shells  gradually  breaks  them  up 
into  finer  particles.  When  a  storm  blows  and  bigger  waves 
come,  much  larger  particles  can  be  moved,  coarser  waste  is 
deposited  on  the  shore,  and  some  of  the  finer  rock  waste 
carried  out  to  sea.  The  slow  action  of  the  waves  causes 
these  larger  particles  to  crumble  away  in  their  turn. 

In  tideless  seas  the  action  of  the  waves  is  confined  to 
a  very  narrow  belt.  Where  the  tides  are  important,  the 
waves  move  backwards  and  forwards  twice  each  day  over  a 
much  greater  coastal  band,  which  they  gradually  erode. 

The  action  of  the  waves  is  not  all  destructive.  The 
waves  help  to  build  up  the  land,  but  this  land  which 
they  make  is  mainly  under  water.  The  rock  waste  worn 
from  a  steep  cliff  is  carried  away  by  the  waves  and  is 
deposited  at  the  base  of  cliffs  for  some  considerable  distance 
seawards. 

Action  of  Currents. — The  silt  brought  down  by  rivers 
and  the  rock  waste  eroded  by  waves  are  deposited  on  the 
sea  bottom.  These  deposits  do  not  always  rest  quietly  there. 
They  may  lie  too  deep  for  surface  waters  to  stir  them, 
but  the  tidal  wave  affects  the  depths  as  well  as  the  surface 
of  the  ocean.  Currents  flow  over  the  sea  bottom,  may 
move  the  sedimentary  deposits  about,  and  perhaps  may 
even  lead  to  the  wearing  away  of  the  sea  bottom  itself 
through  the  friction  of  the  mixture  of  rock  waste  and 
water  on  the  bed  of  the  ocean. 

When  the  river  water  laden  with  silt  meets  the  sea, 
the  arrest  of  the  current  causes  a  deposition  of  the  silt, 
and,  since  the  salt  water  cannot  hold  silt  in  suspension  as 
-the  perfectly   fresh  water  did,  the  mixing  of  the  waters 


206  PHYSIOGRAPHY 

hastens  this  deposition.      The  waste  accumulates  until 
forms  a  sand  bank  or  river  bar,  which  may  even  rise  abo 
the  surface  and  form  an  island. 

In  the  case  of  a  tidal  estuary  precipitation  goes  c 
wherever  sea  and  fresh  water  meet,  and  so  the  silt  may  1 
deposited  over  a  considerable  area.  The  current,  howeve 
helps  to  carry  this  out  to  sea,  especially  where  it  is  ver 
strong — as,  for  instance,  in  the  Amazon. 

When  the  currents  flow  constantly  in  one  directioi 
all  the  silt  is  carried  in  the  same  direction. 

The  silt  of  the  rivers  entering  the  North  Sea  from  the  Central  Europea 
Plain  is  carried  along  the  coasts  to  the  NE,  and  forms  the  Frisian  Islands. 

The  rock  waste  from  the  cliffs  in  the  south  of  England  is  swept  eastwar 
by  the  current  which  turns  westward  along  the  northern  coasts  of  France 
where  the  harbours  would  soon  be  silted  up  if  the  French  did  not  spend  larg 
sums  of  money  in  constant  dredging. 

The  ultimate  effect  of  all  this  marine  erosion  ano 
deposition  is  to  fill  up  the  hollows  and  make  a  plain  rounc 
the  shores.  But  this  action  is  by  no  means  so  rapid  as 
that  of  the  formation  of  a  denudation  plain  above  the  sea- 
level  through  the  action  of  rivers. 

The  Levelling  of  the  Land. — The  action  of  all  these 
external  forces  results  in  a  levelling  of  the  land.  The 
mountains  are  brought  low  and  the  valleys  are  exalted.  It 
has  been  estimated  that  about  five  cubic  miles  of  land  are 
removed  by  water  every  year  and  deposited  beneath  the 
sea.  If  five  cubic  miles  of  earth  were  removed  every  year 
from  the  dry  land  and  sunk  beneath  the  sea,  that  is  equal 
to  a  lowering  of  the  whole  land  surface  about  1  foot  every 
450  years. 

The  hills  are  the  regions  of  greatest  rainfall,  so  the  rain- 
fall would  diminish  as  they  were  lowered,  and  the  action  of 
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running  water  would  become  less  and  less  as  the  slope  of 
land  became  less  and  less.  Hence  the  estimate  of  450 
years  for  lowering  the  land  by  1  foot  would  be  much  too 
short. 

But  there  are  activities  at  work  raising  the  land.  We 
know  that  a  few  million  years  ago  the  Alps  and  Himalayas 
were  not  the  high  mountains  they  are  now.  We  find 
rocks  now  above  the  sea  -  level  that  contain  fossils  of 
creatures  that  lived  in  the  sea.  These  rocks  may  be 
crumpled,  and  something  more  than  a  change  of  sea-level 
is  necessary  to  account  for  this.  There  must  have  been 
movements  in  the  Earth's  crust  itself  to  have  folded  the 
layers  of  rocks. 


CHAPTER   XXIIT 

INTERNAL  FORCES  AND  THEIR  ACTION  ON 
THE  LAND 

Earthquakes.  —  In  some  parts  of  the  world  the 
Earth's  crust  often  shakes  and  quakes,  and  great  damage  is 
occasionally  done  by  the  earthquake,  as  this  trembling  is 
called.  Houses,  bridges,  and  roads  may  be  destroyed,  and 
many  human  lives  lost.  People  are  killed  by  the  effects 
of  the  earthquake  rather  than  by  the  earthquake  itself. 
If  an  earthquake  occurs  at  sea,  the  water  is  set  in  motion 
and  waves  are  formed,  which  may  be  very  large,  and  do 
great  damage  to  the  shores  on  which  they  break.  The 
first  warning  of  an  earthquake  wave  may  be  a  sinking  of  the 
sea-level,  so  that  much  land  is  laid  bare.  Then  the  great 
wave  comes,  and  the  waters  move  up  to  their  ordinary 
level  and  far  beyond  it,  carrying  destruction  inland,  destroy- 
ing villages  and  towns,  and  drowning  many  people.  Ships 
have  been  carried  more  than  a  mile  inland  by  such 
earthquake  waves,  and  left  high  and  dry  several  feet  above 
the  ordinary  sea-level. 

The  earthquake  is  a  wave  motion  in  the  Earth's  crust, 
caused  by  subterranean  disturbance.  The  rocks  of  the 
crust  are  elastic  to  a  certain  extent,  and  any  great  shock 
given  to   them  makes  them   quiver.       If   a  part    of    the 
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Earth's  crust  is  violently  disturbed,  the  surrounding  parts 
move  in  sympathy  and  affect  their  neighbours,  so  that  they 
are  alternately  compressed  and  expand  again,  and  a  wave 
movement  is  set  up  and  propagated  in  all  directions. 

At  any  place  immediately  above  such  a  centre  of  dis- 


Fig.  88.— Fault  formed  during  earthquake  of  28th  October  1891  at  Midori, 
Japan.     (From  a  Photo  by  KotS.) 

turbance  the  movement  would  be  an  up-and-down  one. 
At  a  place  far  distant  from  the  part  of  the  Earth's  surface 
above  this  centre  it  would  be  more  a  back-and-forward  one, 
and  the  vertical  movement  would  be  very  slight. 

Instruments  named  seismometers  (Greek,  seismos,  earth- 
quake, and  nutron,  measure)  have  been  invented  to  me^ure 
14 
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the  disturbances  due  to  earthquake  waves.  Part  of  the 
apparatus  is  in  contact  with  the  point  of  a  needle,  which 
records  the  movement  of  the  whole  apparatus  with  the 
ground  to  which  it  is  fixed.  The  needle  is  so  fixed  that 
it  does  not  move  while  the  rest  of  the  apparatus  does,  and  so 
the  needle-point  traces  a  line  on  the  quivering  seismograph. 

It  is  possible  to  determine  how  much  movement  up  and  down  and  how 
much  backwards  and  forwards  has  occurred  during  a  shock.  Not  only  the 
amount  of  horizontal  displacement  is  measured  but  its  direction  by  discover- 
ing how  much  movement  there  was  in  the  north  and  south  line,  and  how 
much  there  was  in  an  east  and  west  line.  When  the  north  and  south  com- 
ponent movement  is  combined  with  the  east  and  west  component  movement, 
we  get  the  total  horizontal  movement  and  its  direction. 

If  all  the  movement  is  up  and  down,  then  we  are 
stationed  immediately  over  the  centre  of  disturbance,  or  at 
the  epi-centre  (Greek,  epi,  upon),  as  it  is  called.  At  other 
places  the  direction  of  horizontal  movement  and  the  relative 
amounts  of  horizontal  and  vertical  movements  tell  us  in 
what  direction  the  earthquake  centre  lies.  The  angle  this 
direction  makes  with  the  horizon  is  calfed  the  angle  of 
emergence.  The  angle  of  emergence  is  a  right  angle  at  the 
epi-centre. 

Hitherto  we  have  assumed  (1)  that  the  earthquake 
occurs  at  a  single  point ;  (2)  that  the  Earth's  crust  is 
equally  elastic  in  all  directions. 

As  a  matter  of  fact,  many  earthquakes  do  not  proceed 
from  a  single  point.  Some  have  their  origin  along  a  line 
from  which  earth  waves  pass  simultaneously  in  all 
directions.  Other  earthquakes  take  place  almost  simul- 
taneously over  a  considerable  area. 

Nor  is  the  Earth's  crust  of  equal  elasticity  throughout. 
It  is  composed  of  different  rocks  with  different  elasticities, 
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and  the  continuity  of  rocks  is  interrupted  by  many  fissures. 
When  the  earth  waves  approach  the  surface  they  come  to 
the  looser  rocks,  the  subsoil  and  soil,  which  are  much 
less  elastic  than  the  more  solid  rocks.  Earthquake  waves 
are  therefore  transmitted  with  different  rapidities  through 
different  rocks,  and  estimates  of  the  rate  of  movement  of 
the  shock  from  the  epi-centre  outwards  vary  from  |  to 
more  than  three  miles  a  second. 

The  earthquake  waves  move  through  the  water  at  ahout  the  same  rate 
as  the  tidal  wave,  and  their  speed  varies  with  the  depth.  In  some  cases 
this  speed  has  been  estimated  at  200  to  300  yards  per  second. 

An  earthquake  may  affect  the  air  and  cause  waves 
which  may  be  heard,  if  they  are  short  enough.  These  are 
the  rumbling  noises  that  are  sometimes  described  as  accom- 
panying earthquakes. 

The  depth  of  the  earthquake  origin  varies.  It  has  been 
estimated  for  many  earthquakes.  Some  arise  only  a  few 
hundred  feet  below  the  surface  of  the  ground,  while  others 
are  believed  to  have  taken  place  50  miles  deep. 

The  crust  of  the  Earth  often  trembles,  but  so  slightly 
that  we  cannot  feel  it.  Such  movements  are  called  earth 
tremors.  Delicate  seismometers,  however,  give  us  a  record 
of  many  earth  tremors.  In  some  parts  of  the  world  more 
than  one  tremor  is  recorded  every  day — as,  for  instance,  in 
Japan.  In  the  British  Isles  such  earth  tremors  are  by 
no  means  infrequent. 

Some  tremors  are  supposed  to  be  caused  by  earthquakes 
in  distant  regions ;  the  earthquake  itself  is  but  a  mighty 
tremor  at  some  far-distant  point.  For  instance,  records 
have  been  obtained  of  tremors  that  occurred  in  Britain 
after  great  earthquakes  in  California  and  Chile  in  1906. 
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Other  tremors  are  supposed  to  be  due  to  changes  iD 
atmospheric  pressure — in  which  case  they  are  caused  by 
external  rather  than  by  internal  activities  of  the  Earth. 

It  is  not  easy  to  tell  the  exact  cause  of  any  earthquake 
or  tremor.  In  some  cases,  when  the  shock  accompanies  a 
volcanic  outbreak,  we  ascribe  it  to  (a)  volcanic  action  (see 
pp.  215-219).  In  other  cases  it  may  be  due  to  (6),  the 
giving  way  of  the  rocks  round  some  underground  hollow — 
for  instance,  as  the  filling  up  of  a  cave. 

In  many  cases  where  the  earthquake  is  felt  simultane- 
ously along  a  great  curve  or  over  a  wide  area,  it  must  be 
explained  as  (c)  a  real  dislocation  of  the  Earth's  crust, 
probably  due  to  a  sudden  contraction.  The  Earth  is  slowly 
losing  heat  and  is  slowly  contracting.  This  contraction 
is  very  gradual,  but  every  now  and  again  a  condition  of 
unstable  equilibrium  results,  which  is  only  made  stable  by 
a  collapse  of  the  rocks,  causing  an  earthquake. 

The  geographical  distribution  of  earthquake  frequency 
gives  evidence  in  favour  of  this  view.  The  regions  where 
earth  tremors  are  most  frequent  are  those  where  there  is 
a  great  difference  between  the  heights  and  hollows  of  the 
Earth's  solid  crust,  or  where  there  are  visible  earth  cracks, 
or  faults  as  they  are  called.  The  region  bordering  the 
shores  of  the  Pacific  Ocean  is  very  subject  to  earthquakes, 
and  so  is  the  region  of  heights  and  depressions  that  passes 
round  the  Earth  south  of  the  Alps  and  Himalaya  Mountains, 
and  which  borders  the  Mediterranean  and  Caribbean  Seas. 
Where  these  two  lines  cross,  as  in  the  Malay  Archipelago 
and  Central  America,  earthquakes  are  very  common. 

In  the  British  Isles  earthquakes  are  felt  along  the 
great    fault   of    Glen    More.       The    maximum    number   ig 
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experienced  at  Coinrie  in  Perthshire,  on  the  great  fault 
which  divides  the  crystalline  rocks  of  the  Scottish 
Highlands  from  the  sedimentary  rocks  of  the  Central 
Lowlands. 

Sea  water  soaking  into  the  crust  of  the  Earth  may  have 
something  to  do  with  earthquakes.  When  heated,  it  can 
dissolve  many  rocks  at  much  lower  temperatures  than  are 
necessary  to  melt  them  without  its  presence. 

The  contraction  of  the  Earth's  crust  is  not  the  only 
explanation  of  these  movements.  In  time,  the  denudation 
of  a  great  mountain  system  and  the  deposition  of  the  rock 
waste  far  from  its  original  position  may  result  in  earth 
movements  due  to  the  redistribution  of  pressure  on  the 
outer  part  of  the  crust. 

Effects  of  Crustal  Movements. — The  effect  of  these 
movements  of  the  Earth's  crust  is  often  a  permanent  change 
of  form.  The  beds  may  be  tilted  as  a  whole  out  of  their 
former  position  and  become  inclined  at  quite  a  different 
angle  to  the  horizontal.  Sometimes  they  are  bent,  and  one 
stratum  may  even  be  folded  over  another.  All  strata  are 
not  plastic  enough  to  permit  this,  and  break  instead  of 
bending,  causing  a  fault.  The  figure  on  p.  209  shows  a 
fault  caused  by  a  recent  earthquake  in  Japan. 

When  wTe  try  to  discover  how  these  bendings  and 
breakings  come  about,  we  find  it  a  difficult  task.  If  we 
think  of  the  Earth's  crust  slowly  contracting,  we  can 
imagine  part  of  it  gradually  subsiding  and  leaving  other 
parts  at  the  old  level,  now  relatively  higher.  Any  region 
where  the  pressure  is  vertical  is  likely  to  be  pushed  up  and 
down,  so  that  the  beds,  while  broken  up  by  a  series  of  faults, 
and  even  tilted  here  and  there,  lie  more  or  less  parallel  to 
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their  old  planes.      But  where  the  beds  are  pushed  from  the 
sides,  as  a  rule  the  rocks  gradually  bulge  in  at  one  place 


and   out  at   another,  and  the   strata  are  crumpled   into  a 
series  of  folds. 

The  anfde  which  the  strata  make  with  the  horizontal 
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plane  at  any  place  is  called  their  dip,  and  the  line  drawn 
at  right  angles  to  the  dipping  surface  along  the  horizontal 
plane  is  the  strike.  The  line  along  which  any  bed  of  rock 
can  be  traced  over  the  surface  is  the  outcrop. 


Fig.  90. 


When  strata  are  folded,  the  parts  that  are  bent  upwards 
or  arched  are  known  as  upfolds  or  anticlines  (Greek,  anti, 
against,  and  klino,   I   lean),  and   the  parts  that  are  bent 
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DOWNFOUD 


downwards  to  form  a  trough   are  known  as  downfolds  or 
synclines  (Greek,  syn,  together,  and  klino,  I  lean). 

Volcanoes. — The  most  dramatic  evidence  of  the  in- 
ternal condition  of  the  Earth  and  of  the  tremendous  energy 
stored  up  within  it  is  that  given  by  volcanoes. 
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A  volcano  is  made  up  of  a  hollow  passage  or  passages 
sailed  the  vent,  leading  from  deep  underground  to  the 
Earth's  surface.  Up  this  vent,  steam,  dust,  ashes,  and 
sometimes  melted  rock,  are  poured  out,  and  these  often  fall 
around  the  opening,  forming  a  cone  round  the  vent.  The 
upper  part  of  the  vent  is  wider  than  the  rest,  and  forms  a 
basin-shaped  hollow  in  the  top  of  the  cone,  with  the  open- 
ing of  the  vent  at  the  bottom.     This  is  called  the  crater. 

Few  volcanoes  are  constantly  active  or  in  eruption. 
Some  have  been  active  as  far  back  as  we  have  records,  like 
Stromboli,  one  of  the  Lipari  Islands,  which  does  not  dis- 
charge continuously,  but  intermittently,  with  tranquil  periods 
of  five  to  fifteen  minutes  between  each  eruption.  Others, 
like  Vesuvius,  burst  into  activity  at  irregular  and  often 
widely  removed  periods.  Vesuvius  used  to  be  considered 
an  extinct  volcano,  i.e.  one  no  longer  subject  to  eruptions. 
Many  villages  were  built  round  its  base.  But  in  the  year 
79  the  volcano  suddenly  became  active,  and  Pompeii, 
Herculaneum,  and  Strabise  were  buried  beneath  the  ashes, 
and  most  of  the  inhabitants  perished.  It  was  quiet  during 
the  Middle  Ages,  but  has  been  active  again  since  the 
sixteenth  century. 

In  many  cases  a  volcanic  outbreak  is  preceded  by 
earthquakes,  which  cease  as  soon  as  the  eruption  begins, 
and  do  not  occur  again  unless  the  crater  of  the  volcano 
becomes  stopped  up. 

The  eruption  begins  with  an  outburst  of  gases  and  ashes, 
which  are  carried  high  into  the  air.  The  noise  of  their 
explosion  is  often  very  great,  and  audible  over  great  areas. 
The   Krakatoa   eruption    in    the   Sunda    Strait,   in    1883 
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was  heard  2000  miles  away.  The  vapours  soon  con- 
dense and  are  blown  by  the  wind,  forming  above  the 
mountain  a  dark  banner  from  which  vivid  lightning  flashes 
dart.      The  condensation  continues,  and  torrents  of  rain  fall 


Fig.  92.  —Vesuvius 


round  the  volcano,  and  with  the  rain  the  ash  sinks  to  the 
ground  and  forms  a  tuff  (light  porous  stone).  The  light 
ash  is  carried  far  beyond  the  crater  and  covers  the  land 
over  which  it  falls,  even  burying  cities.     After  the  Krakatoa 
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eruption,  layers  of  dust  were  found  on  land  1000  miles 
away.  Large  rounded  masses  of  rock  called  bombs  may  be 
thrown  from  the  vent.  One  10  feet  in  diameter  is  said 
to  have  been  thrown  more  than  half  a  mile  into  the 
air  at  Cotopaxi,  and  to  have  fallen  more  than  a  dozen 
miles  from  the  volcano.  The  glowing  magma,  or  lava, 
pours  out  of  the  main  crater,  as  well  as  out  of  the  minor 


Fig.  93. — Lava  stream  in  Iceland.     (After  a  Photo  by  W.  Bisiker.) 

ones  which  may  be  formed  on  the  sides  of  the  cone,  and 
flows  down  the  mountain  side.  As  it  flows  it  cools,  the 
glowing  white  changes  to  a  dull  red,  and  finally  the  cold 
lava  becomes  black.  While  it  is  black  and  cold  on  the 
surface  and  next  the  ground  over  which  it  has  flowed,  the 
lava  may  still  be  hot  in  the  centre  and  give  off  steam 
from  cracks  which  are  called  fumaroles.      As  the  eruption 
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dies  away  no  more  solid  matter  is  ejected  from  the  crater, 
but  steam  and  other  gases  continue  to  come  up  the  vent 
of  the  volcano,  which  is  said  to  be  in  the  solfatara  stage. 

The  energy  needed  to  cause  these  eruptions  is  probably 
largely  derived  from  steam.  The  eruptions  are  signs  of 
underground  explosion.  The  expansion  of  the  water  con- 
verted into  steam  cracks  and  sunders  the  weaker  parts  of 
the  crust.  The  pressure  may  be  relieved  over  some  of  the 
molten     rocks,     or     rocks 


which  become  molten  when 
the  pressure  is  relieved. 
This  magma,  as  it  is  called, 
bubbles  up  the  openings 
formed  by  the  explosion, 
and  if  these  reach  to  the 
surface  it  pours  out  of  the 
vent  and  forms  a  volcano. 

The  intrusion  of  the 
glowing  magma  into  the 
solid  outer  parts  of  the 
Earth's  crust,  which  are  at 
a  comparatively  low  tem- 


Fig.  94. 


perature,  may  take  place  without  any  effect  being  noticed 
at  the  surface  except  an  earthquake. 

Instead   of    molten   rock   some   volcanoes   send   out   a 
stream  of  mud,  and  are  known  as  mud  volcanoes. 


Many  mud  volcanoes,  such  as  those  near  Baku,  at  the  eastern  end  of  the 
Caucasus,  are  cold,  and,  as  they  are  far  from  ordinary  volcanoes,  they  cannot 
be  explained  as  part  of  the  ordinary  volcanic  activity.  The  pressure  of 
leases  given  by  buried  decomposing  organic  remains  may  supply  the  neces- 
sary force  to  push  out  the  mud  formed  when  water  gathers.  We  find 
aualogous  phenomena  in  some  river  deltas. 
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Geysers.  —  In  the  Yellowstone  region  of  North 
America,  Iceland,  and  many  other  volcanic  regions,  hot 
water  is  projected  into  the  air  at  more  or  less  regular 
intervals  from  vents.  These  eruptive  fountains  are  called 
geysers.  We  may  suppose  water  accumulating  in  these 
vents,  whose  lower  parts  are  at  depths  where  the  tempera- 
ture  is    above   the    boiling   point   of    water.       The   water 


Fig.  95. — A  geyser,  Bathstovukver,  in  Iceland. 
(After  a  Photo  by  W.  Bisiker.) 

becomes  heated,  until  the  pressure  of  the  steam  is  sufficient 

to  force  the  column  of  water  out  of  the  vent  into  the  air. 

The  water  sinking  back  into  the  vent  is  slightly  cooled, 

and  is  not  shot  out  again  until  a  sufficient  time  has  elapsed 

for  it  again  to  reach  the  boiling  point. 

Ordinary    hot    springs    and    pools    of    hot    water    are 

jommon  in  volcanic  regions. 
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The  hot  water  is  not  quite  pure,  but  contains  in  solu- 
tion minerals  from  the  rocks  which  the  water  has  touched. 
On  the  surface,   when  the  water  is  cooled,  much  of  this 


Fir,.  96. — New  Zealand  terraces. 

matter  is  precipitated,  sometimes  forming  cones  round  the 
geyser  vent,  sometimes  building  up  terraces,  which  may  be 
beautifully  tinted  if  iron  or  other  brightly  coloured  mineral 
be  present.  The  beautiful  pink  and  white  terraces  of 
New  Zealand  (Fig.  96)  have  been  destroyed,  but  others 
exist  in  the  Yellowstone  Park  and  in  Iceland. 


CHAPTER   XXFV 

ORGANIC  ACTIVITIES 

Plant  Activities. — Much  of  the  land  in  our  islands, 
especially  in  the  plains,  is  covered  with  vegetation.  Thia 
plant-covering  influences  the  land  in  two  ways, — by  decom- 
posing it,  and  also  by  preserving  it.  Plants  help  to  wear 
away  the  land  by  pushing  their  roots  into  the  subsoil  and 
forcing  asunder  the  grains  which  compose  it.  They  also 
exert  a  passive  influence  in  the  same  direction.  When 
dead  they  form  an  organic  covering,  which  acidulates  the 
water  trickling  through  it,  thus  increasing  its  power  of 
decomposing  the  rocks  beneath.  By  sucking  in  water  from 
the  soil,  plants  also  discharge  a  useful  function  in  promoting 
the  underground  circulation  of  water. 

Another  function  of  plants  is  to  protect  the  land  from 

decay.      A   covering   of    vegetation    screens  the    soil,   and 

protects  it  from  the  extreme  effects  of  excessive  heat  or 

cold.      Plants  bind  the  surface  of  the  ground  into  a  vast 

web,  which  cannot  be  whirled  about  at  the  mercy  of  the 

wind,  like  the  loose  sand  grains  of  bare  regions.      Still  more 

important  is  the  work  done  by  plants  in  retaining  much  of 

the  rain  that  falls,  thus  preventing  it  in  hilly  regions  from 

pouring  down  the  steep  slopes  in  devastating  torrents. 

The  moving  sand  dunes  along  our  coasts  are  often  fixed 
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by  plants.  Young  delta  lands  are  saved  from  sinking 
beneath  the  sea  by  plants  becoming  rooted  in  them,  and 
forming  a  nucleus  round  which  accumulation  can  proceed, 
until  larger  plants  can  find  a  hold. 

Mangrove  swamps  protect  the  coast  round  which  they 
grow  from  the  waves,  and  even  the  seaweed  along  our 
shores  contributes  in  a  slight  degree  to  diminish  the  rate  of 
marine  denudation. 

The  conserving  power  of  forests  is  well  seen  in  Medi- 
terranean lands.  Where  the  forests  have  been  cleared,  the 
water,  after  heavy  rains,  rushes  violently  down  the  slopes, 
carrying  with  it  all  the  loose  surface  soil,  and  deposits  on 
the  plain  a  mixture  of  rock  waste  of  all  kinds.  Where 
there  are  forests  the  rivers  do  not  rise  in  flood  so  rapidly  ; 
they  are  less  able  to  wrench  off  and  carry  away  large  as 
well  as  small  pieces  of  rock,  the  waste  they  carry  is  finer,  and 
when  it  is  spread  over  the  plain  it  is  less  destructive  and 
contains  a  greater  proportion  of  particles  capable  of  form- 
ing good  soil.  Grass  growing  near  a  lake  or  river  gives 
stability  to  the  banks,  and  renders  them  less  liable  to 
be  worn  away. 

Finally,  plants  add  to  the  crust  of  the  Earth.  The 
successive  layers  of  dead  plants  are  not  entirely  decom- 
posed, but  may  be  preserved  among  shales  and  coal,  not 
uncommon  in  many  rocks  of  land  origin.  The  diatoms 
which  live  on  the  surface  of  cooler  seas  are  lowly  plants  with 
flinty  shells,  which  sink  to  the  bottom  of  the  ocean  when 
the  plant  dies.  This  forms  the  diatomaceous  or  infusorial 
earth  that  is  mixed  with  nitro-glycerine  to  form  dynamite. 

Animal  Activities. — Animals,  like  plants,  do  a  certain 
amount  of  work  in  destroying  as  well  as  in  forming  parts 


224  PHYSIOGRAPHY 

of  the  land.  The  insignificant  earthworm  annually  passes 
a  large  amount  of  earth  through  its  body,  thus  reducing 
it  to  a  finer  form.  Darwin,  in  his  standard  book  on  the 
work  of  earthworms,  says  "  a  weight  of  more  than  ten  tons 
of  dry  earth  passes  through  their  bodies  and  is  brought  to 
the  surface  on  each  acre  of  land  "  in  some  parts  of  England. 
The  same  humble  agents  secrete  humic  acid,  which  helps  to 
decompose  the  rocks.  The  termites  of  Central  Africa  (often 
incorrectly  called  white  ants,  although  they  are  neither 
white  nor  ants)  are  said  to  work  in  the  same  way  by 
bringing  to  the  surface  large  quantities  of  the  soil  under- 
neath. Babbits,  moles,  and  other  burrowing  animals  make 
networks  of  holes  underground.  The  dams  built  by  beavers 
may  alter  the  course  of  a  river  and  the  direction  of  erosion. 
Boring  molluscs  and  other  animals  cut  holes  into  rocks, 
in  which  water  gathers,  thus  accelerating  the  work  of 
disintegration. 

In  the  same  way,  animals  gradually  add  to  the  Earth's 
crust.  On  land  they  rarely  form  more  than  a  group  of 
fossils  of  no  great  consequence.  In  the  ocean  it  is  quite 
different. 

Many  pelagic  animals  have  limy  or  flinty  shells,  which 
sink  to  the  ocean  floor  at  the  death  of  their  wearer.  These 
remains  accumulate  and  form  great  beds.  The  chalk  of 
the  south  and  east  of  England  is  largely  composed  of  the 
tiny  shells  of  dead  single-celled  creatures  called  globigerina. 
At  very  great  depths  this  chalk  is  dissolved,  and  only  the 
more  resistant  flint  shells,  the  beautiful  external  skeletons 
of  radiolarians,  remain. 

The  fossils  which  afford  an  indication  of  the  age  of 
many  rocks  are  the  preserved  remains  of  animals  or  plants 
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which  once  floated  on  the  sea,  or  were  drifted  from  the 
land. 

Nearer  shore  there  are  many  living  animals  which  form 
thick  shells.  These  will  one  day  make  part  of  the  solid 
rock.  Mussels,  cockles,  and  other  molluscs  are  the  chief 
contributors  to  these  shell  beds. 

But,  of  all  the  animals  which  help  to  build  up  the  land, 
none  is  more  interesting  than  the  coral  polyps  (actinozoa). 
These  creatures  form  limy  skeletons,  which  take  many 
forms.  The  most  important  corals  are  the  reef-builders. 
Those  we  know  best  are  found  only  in  very  warm,  clear, 
salt,  shallow  water.  They  are  not  found  living  where  the 
sea  is  cooler  than  68°  F.  (20°  C),  or  deeper  than  100  ft. 
Their  action  is  therefore  confined  to  the  inter-tropical  belt, 
and  those  parts  of  the  inter-tropical  belt  where  those  othei 
conditions  prevail.  But  many  isolated  islands  are  of 
coral  origin  ;  and  these  it  is  difficult  to  explain.  We  may 
imagine  with  Darwin  that  some  have  been  formed  on  the 
crest  of  land  now  sunk  beneath  the  waves,  and  with  Sir 
John  Murray  that  others  have  been  built  up  on  submarine 
knolls  slowly  rising  either  individually  or  owing  to  a 
general  elevation  of  the  land  relatively  to  the  sea-level. 

Coral  islands,  however,  are  not  formed  entirely  of  the  skeletons  of  coral 
polyps  in  the  position  in  which  they  originally  grew.  They  are  composed 
of  masses  of  coral  and  other  limestone  remains  driven  together  by  wind 
and  wave,  and  cemented  by  the  lime  precipitated  between  their  interstices. 

It  has  already  been  seen  that  the  conditions  of  the  sea 
water  are  uniform  at  about  the  same  depth  over  great 
areas.  But  where  two  regions  such  as  the  warm  Gulf 
Stream  and  the  Cold  Wall  off  the  eastern  coasts  of  North 
America   meet,    this   is   not  so.      Hence   an   extension   of 
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the  one  or  the  other  may  greatly  modify  the  conditions 
in  the  intermediate  regions.  Great  shoals  of  fish  which 
live  in  the  warmer  waters  have  been  known  to  perish 
simultaneously,  and  this  can  be  explained  only  by  such  a 
sudden  change  of  conditions  as  has  been  mentioned.  These 
fish,  falling  to  the  bed  of  the  ocean,  get  covered  with 
sediment  and  decompose  but  slowly.  The  oil  obtained 
from  rocks  in  many  parts  of  the  world  is  by  some  geologists 
supposed  to  have  originated  from  some  such  accumulation 
of  organic  matter. 

In  dry  lands  such  as  the  Atacama  Desert,  and  many 
ocean  islands,  the  droppings  of  birds  are  preserved  and  not 
washed  away.  These  form  guano,  which  is  rich  in  nitrates, 
and  forms  a  valuable  manure,  much  used  by  farmers. 

Human  Activities. — Man  modifies  the  Earth's  surface 
in  innumerable  ways.  He  digs  and  quarries  for  precious 
and  useful  rocks,  he  cuts  roads,  railways,  and  aqueducts 
through  obstacles,  he  carries  them  over  hollows  on  embank- 
ments, he  regulates  the  river  courses  and  diverts  them, 
and  even  confronts  the  force  of  ocean  tempests  striking 
on  his  shores  by  breakwaters  which  he  sets  up  to  arrest 
the  inroads  of  the  sea.  Yet  all  these — mines,  streets, 
canals,  dams,  breakwaters,  and  cities — great  or  even  gigantic 
as  some  of  them  appear,  modify  the  Earth  comparatively 
little  compared  to  other  forms  of  man's  activity. 

Man's  power  is  great  either  to  destroy  or  to  renew. 
The  wanton  destruction  of  forests  leads  in  the  end  to 
consequences  already  described.  Even  if  ruin  is  not 
wrought  on  a  great  scale,  de-forestation  may  so  interfere 
with  natural  drainage  that  the  garden  is  changed  into  a 
desert.     Within  limits,  too,  man  can  make  the  desert  in  ita 
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turn  a  garden  by  bringing  water  to  it.  By  careful  cultiva- 
tion the  soil  is  enabled  to  yield  crop  after  crop,  cheapening 
and  improving  the  food  supply  and  enabling  the  Earth 
to  support  an  ever -increasing  population.  As  the  area 
of  cultivation  or  re-forestation  extends,  every  acre  of  fresh 
virgin  soil  irrigated  and  planted  is  an  acre  gained,  often  with 
the  best  result  on  the  aggregate  of  local  conditions.  The 
farmer  is  thus  an  excellent  practical  geographer. 


Coral  Reef  in  the  Tonga  Islands. 
The  modern  reef  is  the  low  one  in  the  middle  ;  an  older  raised  reef 

is  seen  in  the  foreground  on  the  right. 
[Reproduced  by  permission  from  a  photograph  by  J.  J.  Lister,  F.R.S.,  in 

Lake  &  Rastall's  "  Textbook  of  Geology.") 


CHAPTER  XXV 

THE  ROCKS  OF  THE  EARTH'S  CRUST 

The  Floor  of  the  Ocean. — From  the  ocean  depths  that 
have  been  sounded  samples  of  the  deposits  that  accumulate 
there  have  been  brought  up  attached  to  the  sounding  ap- 
paratus, and  have  been  studied.  The  deposits  tell  us  that 
the  ocean  floor  is  paved  with  the  remains  of  animals  that 
have  lived  in  the  ocean,  more  particularly  with  limy  and 
silicious  skeletons  of  pelagic  creatures  which  have  sunk  when 
the  organisms  died,  and  accumulated  at  the  bottom  of  the 
sea.  Many  of  these  skeletons  are  so  well  preserved  that 
we  can  tell  to  what  animal  or  plant  they  belonged ;  but 
others  have  been  completely  transformed  by  the  action  of 
the  medium  through  which  they  had  to  pass  before  they 
reached  the  bottom  of  the  ocean.  The  organic  deposits 
at  the  sea  bottom  are  usually  called  oozes,  and  are  named 
after  the  organism  whose  remains  are  most  characteristic. 
The  most  important  oozes  are  the  diatom  ooze,  where  the 
skeletons  of  minute  plants  called  diatoms  are  abundant; 
radiolarian  ooze,  where  the  exquisite  remains  of  the  simple 
animals  called  radiolarians  prevail ;  and  globigerina  or 
chalk  ooze,  which  is  made  up  of  the  limy  shells  of  tiny 
single-celled  animals  called  globigerina.  In  the  deepest 
parts  of  the  ocean  a  red-brown  clay  is  found,  with  prac- 
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feically  no  chalky  matter.      This  red  clay  may  be  the  chalk 

ooze  with  the  carbonate  of  lime  dissolved. 

The  distribution  of  these  oozes  depends  on  the  depth,  temperature,  and 
salinity  of  the  ocean,  as  well  as  on  the  surface  distribution  of  these  organisms. 

The  ocean  floor  near  the  coast  is  covered  with  deposits 
of  land  origin.  Some  of  these  have  been  formed  by  the 
action  of  the  waves  on  the  coast,  others  have  been  brought 
down  by  rivers  and  distributed  by  currents.  Sand,  made 
of  the  particles  of  rocks  which  have  been  worn  away,  forms 
the  most  important  element  in  these  littoral  deposits. 
Where  no  rivers  enter  the  sea,  a  green  mud  is  formed 
within  100  miles  from  the  shore. 

The  organic  matter  is  sometimes  abundant.  It  con- 
sists of  the  decayed  remains  of  littoral  plants  and  animals. 
Vegetable  debris  carried  to  the  sea  by  the  river,  forms, 
when  it  decomposes,  a  blue  mud  that  is  found  especially 
near  river  mouths,  often  200  to  300  miles  from  land.  As 
a  rule  the  animal  remains  are  more  numerous,  and  consist 
of  the  hard  shells  and  skeletons  of  dead  creatures.  Vol- 
canic and  coral  sands  and  muds  are  found  near  volcanic 
and  coral  islands. 

The  Surface  of  the  Dry  Land. — The  land  surface  is 
also  covered  with  organic  matter,  some  living  and  some 
dead.  The  remains  of  organisms  sink  into  the  ground  and 
mix  with  rock  fragments,  and  give  a  slightly  acid  condition 
to  the  ground  water,  intensifying  its  decomposing  action. 

These  deposits,  organic  and  inorganic,  do  not  accumulate 
so  undisturbedly  as  deposits  do  in  the  abyssal  depths  of 
the  ocean,  but  they  too  are  brought  downwards  to  the 
hollows,  which  they  fill  with  alluvium  or  with  sand  duues. 
The  particles  are  often  coarser  than  the  finely  divided  and 
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often  chemically  precipitated  deposits  of  the  deep  oceans. 
The  coarsest  deposits  are  those  formed  along  the  seashore 
and  river  courses,  where  pebbles  of  all  sizes  are  mixed  with 
finer  sand.  On  the  higher  ground  the  solid  rock  appears 
where  vegetation  does  not  cover  the  ground. 

Stratified  or  Sedimentary  Rocks. — The  deposition 
of  this  rock  waste  goes  on  year  after  year,  and  it  gradually 
becomes  deeper  both  under  the  sea  and  in  the  lower  lands. 
In  course  of  time  it  may  become  hundreds,  and  perhaps 
thousands,  of  feet  deep.  The  lower  layers,  as  more  and 
more  material  is  added  above  them,  become  compressed,  and, 
as  the  depth  from  the  surface  increases,  their  temperature 
also  increases.  The  action  of  the  ground  water,  more  pai 
ticularly  when  it  contains  salts,  is  modified  with  the  in- 
crease of  temperature  and  pressure,  and  what  were  at  first 
loose  particles  get  cemented  together  and  form  a  solid  rock. 
Such  rocks  are  called  stratified  (Latin,  sterno,  stratum, 
sternere,  to  spread  out).  They  are  usually  laid  down  in 
strata  or  layers.  They  are  also  known  as  sedimentary 
rocks,  because  they  are  composed  of  particles  that  have 
settled  down  (Latin,  sedeo,  I  settle).  All  sedimentary  rocks 
come  from  pre-existing  rocks,  or  from  organisms  that  have 
derived  part  of  their  substance  from  pre-existing  rocks. 

When  we  make  our  way  to  the  higher  parts  of  the 
land  where  the  rock  is  exposed  and  is  being  worn  away, 
many  of  these  rocks  are  obviously  consolidated  from  the 
external  deposits  we  have  described,  like  the  sandstones 
from  sand,  the  pudding-stone  or  conglomerates  from  pebble 
beaches,  the  chalk  (when  we  examine  it  through  a  micro- 
scope) from  limy  shells,  other  limestones  from  precipitates 
in  water. 
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We  can  judge,  from  the  nature  of  the  rock,  the  con- 
ditions under  which  the  rock  waste  which  composed  them 
was  formed.  A  sandstone  may  have  been  made  in  a  great 
desert,  or  in  a  lake,  river,  or  sea-bed  or  bank ;  a  limestone 
must  have  been  made  under  water,  a  coral  rock  in  a 
shallow  sea  in  clear  warm  salt  water. 

Metamorphic  Rocks. — While  a  certain  heat  and 
pressure  will  consolidate  the  external  deposits  into  rocks,  a 
still  greater  heat  and  pressure  will  so  modify  them  that  we 
cannot  readily  tell  their  original  structure.  Some  parts 
may  have  been  melted,  others  may  not  have  been.  Some 
parte  may  have  been  crushed,  others  may  have  successfully 
resisted  the  pressure.  The  rock  therefore  has  been  profoundly 
changed,  or  metamorphosed  (Greek,  meta,  a  particle  meaning 
change,  and  morphe,  form).  This  rock  may  be  raised  to 
the  surface  of  the  Earth  again,  and  is  known  as  a  meta- 
morphic rock. 

The  action  of  heat  will  change  non-crystalline  limestone 
into  a  crystalline  marble.  The  most  common  metamorphic 
rocks  in  this  country  are  the  rocks  of  the  Scottish  High- 
lands, which  are  called  schists  when  they  split  into  thin 
layers,  and  gneisses  when  the  layers  are  more  compact  and 
thicker. 

Metamorphic  rocks  may  be  derived  from  either  sedi- 
mentary rocks  or  igneous  rocks. 

Igneous  Rocks. — The  sedimentary  rocks  are  obviously 
derived  from  pre-existing  rocks,  some  of  which  are  sedi- 
mentary ;  but  those  sedimentary  rocks  must  have  been 
themselves  derived  from  other  rocks,  and  if  we  go  far  enough 
back  we  are  forced  to  believe  that  all  rocks  were  originally 
formed   from   cooling   molten   matter,   and  are   of   igneous 
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origin  (Latin,  ignis,  fire).  We  have  learned  that  the  interioi 
of  the  Earth  is  very  hot,  and  materials  even  at  a  relatively 
short  distance  beneath  its  surface  are  subjected  to  great 
heat  and  pressure.  The  heat  may  be  sufficient  to  melt  the 
rocks  when  the  pressure  is  reduced,  and  such  rock  cools 
into  solid  form,  which  is  glassy  or  crystalline,  or  both. 
These  are  igneous  rocks. 

Probably  none  of  the  igneous  rocks  at  present  on  the 
Earth's  surface  are  part  of  the  original  crust  of  the  Earth, 
but  have  been  formed  from  pre-existing  rocks  just  as  the 
sedimentary  ones. 

Igneous  rocks  are  divided  into  two  groups.  Some 
igneous  rocks  have  been  violently  forced  in  a  molten  state 
through  a  volcanic  vent  and  deposited  on  the  outer  surface 
of  the  Earth.  These  are  eruptive  or  volcanic  rocks.  The 
molten  matter,  however,  may  not  reach  the  Earth's  surface, 
but  be  squeezed  between  the  layers  of  the  rocks,  or  form  a 
great  mass  a  considerable  depth  below  the  surface  of  the 
Earth,  but  near  enough  it  to  cool,  and  to  allow  the  molten 
rocks  to  crystallise.  These  layers  are  usually  known  as 
plutonic  rocks.  Plutonic  rocks  on  the  Earth's  surface  have 
been  exposed  by  denudation.  The  volcanic  rocks  have 
been  brought  to  the  surface  by  the  internal  forces  of  the 
Earth. 

Fossils. — Parts  of  plants  and  animals  or  imprints  of 
them  are  found  preserved  in  many  rocks.  These  are  called 
fossils  (Latin,  fossus,  from  fodio,  I  dig). 

Fossils  tell  us  many  things  about  the  rock  in  which 
they  are  found.  If  they  are  composed  of  shells  of  marine 
animals,  we  know  that  the  rock  must  have  been  formed  at 
the  bottom  or  edge  of  the  sea.      If  they  are  made  of  tree 
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Fig.  97. 


roots  and  steins,  we  know  that  the  roots  must  have  been 

fixed  in  the  soil  and  the  stems  have  risen  into  the  air. 
The    deep    sea    deposits   are    being 

slowly  changed  into  rocks.      Some  kinds 

of   rock   now  found  on  dry  land  were 

once  deep  sea  deposits.      For  instance, 

the     chalk    of    the     Downs    and     the 

Lincoln  and  York   Wolds   was  once  a 

deposit  on  the  floor  of  the  ocean,  as  has 

been  mentioned. 

The    coal    which   we    burn   in  our 

grates   is  composed   of  fossil   plants  which  lived   millions 

of  years  ago. 

We  can  see  fossilisation  going  on  in  our  bogs.      The 

peat  moss,  or  sphagnum,  dies 
off  below  as  it  grows  at  the 
tip.  The  dead  moss  con- 
solidates, and  forms  the  peat 
or  turf  which  is  cut  to  be 
burned  in  many  cottages  iu 
the  British  Isles. 

In  some  mineral  springs 
the  water  is  richly  charged 
with  lime,  or  other  dissolved 
matters  which  are  deposited 
when  the  water  cools  or  eva- 
porates.    If  a  substance  is  put 

into  such  water  for  a  long  enough  time  it  becomes  encrusted 

with  a  deposit   of   the   salt   precipitated   from  the  water. 

Should  this  substance  ultimately  rot  away,  an  imprint  of 

it  would  remain  in  the  encrusting  material.      The  hollow 
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once  filled  with  the  original  substance  may  ultimately  be 
tilled  up  with  some  other  matter  so  that  a  cast  of  the 
original  is  formed.     This  has  happened  in  many  of  the  strata 


Fig.  99. 


which  make  up  the  Earth's  crust.  The  moulds  of  organisms 
which  have  decayed  are  also  preserved  in  mud  and  even  saud, 
but  most  frequently  in  silica  and  carbonate  of  lime  rocks. 

Another  kind  of  mould  is 
the  fossilised  footprint  of  an 
animal  which  has  walked  over 
soft  mud,  or  the  holes  it  has 
bored  in  old  rocks.  The  rain- 
spots  and  sun-cracks  formed  on 
such  mud  may  also  be  preserved 
for  us. 

In  the  ancient  ice  whole  animals  have  been  preserved 
in  perfect  condition,  but  such  animals,  although  they  may 
have  been  frozen  many  thousand  years,  are  of  quite  recent 
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geological  date.      Much  older   fossils  are  the  insects  pre- 
served in  the  fossil  resin  of  trees  (amber). 

The  Rock  Cycle. — There  is  thus  a  rock  cycle  just 
as  there  is  a  water  cycle.  Below  the  Earth's  surface  there 
are  glowing  masses  which  the  internal  forces  push  into 
the  cooler  crust,  or  even  through  it  to  its  surface,  where 
they  cool  into  crystalline  or  glassy  forms.  Weathering, 
erosion,  and  organic  activities  decompose  the  solid  rocks, 
the  soluble  parts  run  off  in  the  water  in  rainy  regions,  the 
insoluble  are  carried  to  the  hollows  by  wind  and  stream 
and  ocean  current.  Some  of  the  soluble  substances  become 
part  of  living  creatures  which  change  them  into  more  or 
less  insoluble  substances,  which  accumulate  on  the  surface 
of  the  solid  crust.  Then  the  pressure  of  the  overlying 
matter  or  movements  of  the  Earth's  crust  brings  these  under 
greater  pressures  and  temperatures,  and  they  are  consoli- 
dated into  stratified  rocks.  Both  stratified  and  igneous  rocks 
may  be  modified  into  metamorphic  rocks,  or  even  trans- 
formed into  new  igneous  ones  with  greater  heat  and  pressure. 
These  changes  go  on  very  slowly,  but  very  steadily.  We 
see  few  great  changes  in  the  course  of  our  lives,  and  know 
of  comparatively  few  in  the  long  record  of  written  history. 
It  is  only  when  we  read  the  history  of  the  rocks  as  they 
narrate  it  themselves,  that  we  learn  that  such  changes 
have  taken  place  and  are  taking  place.  Our  short  lives, 
or  even  that  of  our  oldest  books  graven  on  stone  or  brick 
in  Egypt  or  Mesopotamia,  are  but  moments  in  a  great  time 
cycle,  whose  duration  we  cannot  realise. 

The  Age  of  Sedimentary  Rocks. — As  sedimentary  rocks  are  formed 
from  the  waste  of  pre-existing  rocks,  some  igneous  rocks  must  have  been 
formed   before  any   sedimentary  ones.      The   oldest   rocks   were  igneous. 
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Many  igneous  rocks,  however,  are  younger  than  some  of  the  sedimentary 
ones.  By  older  and  younger  we  here  mean  shaped  in  their  present  rock 
condition  earlier  or  later. 

If  sedimentary  rocks  had  been  deposited  layer  after  layer  at  the  bottom 
of  the  sea,  then  the  lowest  layer  would  be  the  oldest  and  the  uppermost  layer 
the  youngest.  In  the  "majority  of  cases  we  may  assume  that  the  lower 
strata  are  older  than  the  upper  strata.     In  this  way  we  can  tell  something 


Fig.  101. — Iguanodon. 


about  the  relative  ages  of  different  rocks,  although  we  may  know  little  or 
nothing  that  is  certain  about  the  exact  age  of  any  rocks. 

The  sedimentary  rocks  may  be  divided  into  four  groups — the  Primary, 
Secondary,  Tertiary,  and  Quaternary  Rocks.  The  first  are  the  oldest,  and 
they  are  not  found  above  any  of  the  other  three  kinds  of  sedimentary  rock. 
They  may  reach  the  surface  at  some  places,  and  where  they  are  exposed  no 
other  sedimentary  rocks  are  formed  below  them,  and  they  rest  on  igneous 
rocks.  The  Secondary  rocks  are  not  found  lying  above  the  Tertiary  nor  the 
Tertiary  above  the  Quaternary,   but  Secondary  are  found  above  Primary 
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rocks,  Tertiary  above  Secondary,  while  Quaternary  rocks  are  always  super- 
ficial and  of  recent  deposition. 

These  rocks  differ  from  each  other  not  merely  in  the  positions  in  which 
they  are  found,  but  also  in  the  nature  of  the  fossils  they  contain.  The 
different  rocks  are  found  to  have  fossils  characteristic  of  them,  and  are 
usually  recognised  by  these  characteristic  fossils. 

No  fossils  have  been  found  in  the  oldest  sedimentary  rocks,  which  are 
therefore  called  Azoic  (Greek,  a,  not,  and  zoe,  life). 

The  younger  Primary  rocks  are  also  known  as  Palaeozoic  rocks  (Greek, 
2>alaios,  ancient,  and  zoe,  life).  They  contain  the  remains  of  plants  and 
animals  that  are  now  mainly  extinct,  such  as  lycopods  of  the  coal  measures 


Fig.  102.— Mammoth. 

and  the  trilobites  of  the  cambrian,  silurian,  and  devonian  rocks.  Inverte- 
brate animals  were  relatively  much  more  abundant  and  important  than 
vertebrates.     (See  Figs.  97  and  99.) 

The  Secondary  rocks  are  also  called  Mesozoic  rocks  (Greek,  mesos,  middle, 
and  zoe).  They  contain  the  remains  of  plants  and  animals,  many  of  which 
are  now  extinct.  Many  mesozoic  fossils,  however,  remind  us  of  existing 
forms  (Fig.  98).  This  was  the  age  when  the  great  amphibians  and  reptiles 
flourished,  such  as  the  great  iguanodon  (Fig.  101).  The  molluscs  whose 
fossils  are  known  as  ammonites  lived  on  the  surface  of  the  seas  (Fig.  100). 

The  Tertiary  and  Quaternary  rocks  are  also  called  Neozoic  or  Cainozoic 
(Greek,  neos,  young  or  new,  kainos,  recent,  and  zoe).  They  contain  fossils  of 
organisms,  many  of  which  are  quite  similar  to  those  which  live  to-day,  but 
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some,  such  as  the  great  mammoth  (see  Fig.  102),  are  extinct.    This  is  the  age 
of  mammals. 

There  is  a  progressive  change  in  the  nature  of  the  organisms  represented 
by  the  fossils  in  the  rocks,  from  which  we  may  in  many  cases  infer  whether  a 
rock  is  relatively  old  or  young.  The  fossils,  too,  help  us  to  compare  the 
rocks  from  different  parts  of  the  world,  for  those  with  the  same  structure 
and  containing  the  same  fossils  were  formed  under  similar  circumstances, 
and  in  many  cases  it  may  be  further  assumed  that  they  were  laid  down  iD 
the  same  epoch. 

The  great  divisions  of  palseozoic,  mesozoic,  and  cainozoic  eras  are  sub 
divided  into  mauy  minor  periods,  which  are  in  turn  subdivided. 

The  Age  of  Igneous  Rocks. — The  oldest  igneous  rocks  above  which 
the  sedimentary  rocks  lie  are  older  than  these  sedimentary  rocks.  It  is 
probable  that  they  themselves  are  the  heated  and  crushed  remains  of  still 
older  rocks. 

But  both  plutonic  and  volcanic  rocks  are  found  piercing  through  and 
lying  between  the  strata  of  sedimentary  rocks.  We  can  form  an  idea  of  the 
relative  age  of  these  igneous  rocks  by  studying  their  relationship  to  the  sedi- 
mentary rocks.  Au  igneous  rock  is  younger  than  a  sedimentary  rock  it 
pierces.  It  is  more  difficult  to  tell  what  sedimentary  rocks  are  younger 
than  an  igneous  rock.  Sometimes  this  can  be  determined  by  studying 
the  fragments  in  some  conglomerate  rock,  a  sedimentary  rock  containing 
rock  waste  of  considerable  size.  If  pieces  of  igneous  rock  are  found  in  such 
a  conglomerate  corresponding  to  a  mass  of  igneous  rock  in  the  neighbour- 
hood, the  igneous  rock  from  which  they  have  been  derived  must  be  older 
than  the  conglomerate  of  which  they  form  a  part,  for  the  particles  of  the 
latter  have  been  derived  from  the  former. 


Table  showing  the  Succession  of  the  Stratified  Rocks. 

(For  Reference  only. ) 

Neozoic  or  Cainozoic  Era       .         .        Era  of  Mammals  and  Angiospermoui, 

Flowering  Plants. 
Quaternary  Period  .         .         Actual  Fauna  and  Flora.     Man. 

Tertiary  Period      .        .        .        Gasteropod  and  Acephalous  Molluscs. 

Flowering  Plants. 

Mesozoic  Era         ....         Era    of   Amphibians,    Reptiles    and 

Cycads. 


Cretaceous  Period  .        .        .        Toothed     Birds     and     Ammonites. 

Flowering  Plants  appear. 

J-    Saurians,  Ammonites,  and  Cycads. 


Jurassic  Period 
Triassic  Period 
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Palaeozoic  Era 

Permian  Period 
Carboniferous  Period 
Devonian  Period    . 
Silurian  Period 
Cambrian  Period    . 

Azoic     or     Archaean     Era     (Pre 
Cambrian) 


Era  of  Invertebrates,  Fish,  and  Gymno 

sperms. 
Labyrinthodonts. 
Lycopods,  Cycads,  and  Conifers. 
Trilobites.     Fishes  abundant. 
First  Plants  and  Fish.     Trilobites. 
Only  Invertebrate  Animals  found. 

With     few     Fossils,    mainly    Meta- 
moiphic  Rocks. 


CHAPTER   XXVI 

THE  COMPOSITION  OF  ROCKS 

Note. — The  student  who  is  not  preparing  for  the  Board  of 
Education  Science  Examinations  is  recommended  to 
omit  this  chapter  or  to  use  it  only  for  reference. 

From  the  point  of  view  of  their  composition  we  must  divide  rocks  into 
igneous  and  organic  rocks,  for  the  non-organic  sedimentary  rocks  are  com- 
posed of  fragments  of  the  other  two. 

As  the  igneous  rocks  cool  from  the  molten  condition,  the  elements  of 
which  they  are  composed  gather  in  definite  groups  which  crystallise  into 
different  forms.  Hence  igneous  rocks  are  usually  crystalline  rocks.  If 
the  molten  matter  cools  slowly  the  crystals  are  large,  if  quickly  they  are 
small.  In  some  cases,  however,  rocks  retain  a  glassy  structure,  as  obsidian. 
Volcanic  rocks  have  smaller  crystals  usually  embedded  in  a  glassy  matrix, 
as  basalt.  Plutonic  rocks,  which  cooled  more  slowly  far  below  the  Earth's 
surface,  are  completely  crystallised,  often  in  large  crystals,  as  granite. 

We  may  classify  igneous  rocks  according  to  the  minerals  they  actually 
contain  in  a  cr3'stallme  state,  or  by  their  chemical  composition. 

The  chief  minerals  of  crystalline  rocks  are  quartz,  felspar,  hornblende, 
and  mica. 

Quartz  or  silica  is  by  far  the  commonest  mineral,  and  is  composed  of 
silicon  and  oxygen.  It  is  found  in  granite  binding  the  crystals  of  felspar 
and  mica  together,  and  in  other  igneous  rocks,  and  is  the  chief  constituent  of 
sandstones.  It  is  very  hard  and  cannot  be  scratched  with  a  knife,  and,  while 
ordinary  acids  do  not  act  on  it,  waters  containing  organic  acids  dissolve  it. 

Felspar  is  a  compound  of  silica  with  alumina  and  the  silicate  of  another 
element,  usually  potash,  soda,  or  lime.  There  are  many  kinds  of  felspar, 
which  make  up  the  greater  part  of  most  volcanic  rocks,  and  when  decom- 
posed form  clays. 

Hornblende  is  a  compound  of  silica  with  magnesia  and  lime,  iron  oxides, 
and  sometimes  alumina. 

240 
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Mica  is  also  made  up  of  many  elements — silicates  of  alumina,  potash, 
magnesia,  with  water,  and  ferrous  oxide.  It  can  readily  be  split  up  into  thin 
and  often  transparent  plates. 

Of  the  plutonic  rocks,  granite,  syenite,  diorite,  and  gabbro  are  the  most 
important,  and  are  all  completely  crystalline.  Granite  is  composed  of 
crystals  of  felspar  and  mica  united  by  quartz,  and  is  an  acid  rock.  Syenite 
differs  from  granite  in  having  very  little  or  no  quartz,  and  containing  horn- 
blende instead  of  mica.  Diorite  is  felspar  and  hornblende.  Both  are 
neutral  rocks.  Gabbro  is  a  compound  of  felspar  and  augite.  Porphyrite, 
found  in  intruded  and  also  in  volcanic  rocks,  is  composed  mainly  of  felspar. 
It  is  basic,  but  is  not  complete  crystalline. 

The  chief  volcanic  rocks  are  not  completely  crystallised,  but  have  more 
or  less  of  a  glassy  matrix.  Such  are  the  trachytic  rocks,  containing  a  large 
percentage  of  silica,  not  in  the  form  of  quartz  but  of  felspar.  The  acid 
form  is  rhyolite,  the  neutral  form  andesite,  in  which  plagioclase  felspar  pre- 
dominates. Trachytes  were  never  very  fluid  when  molten,  and  are  usually 
found  near  a  volcanic  vent,  whereas  basalt  was  extremely  mobile  when 
molten,  and  covers  vast  areas,  especially  in  the  Deccan,  and  the  State  of 
Idaho  in  North  America.  Basalt  is  chiefly  made  up  of  felspar,  augite, 
olivine,  and  generally  magnetite,  and  is  basic.  Some  igneous  rocks  are  com- 
pletely glassy,  such  as  obsidian  and  pitchstone,  both  of  which  are  acid  rocks. 

The  important  rocks  of  organic  origin  are  derived  from  the  limy  or 
silicious  shells  of  animals,  or  the  carbonised  remains  of  plants.  Limestone, 
diatomaceous  earth,  and  coal  are  examples. 

The  sedimentary  rocks  are  composed  of  fragments  of  these  rocks  or  pre- 
cipitates of  substances  dissolved  from  them.  Conglomerates  or  consolidated 
gravels,  sandstones  or  the  compacted  sand,  shales  or  hardened  mud,  are 
examples  of  the  former.  Some  limestones,  rock  salt,  and  some  ironstones 
are  examples  of  the  latter. 

When  these  rocks  are  analysed  further,  it  is  found  that  the  commonest 
substances  are  oxides,  such  as  silica,  alumina,  iron  and  manganese  oxides  ; 
silicates,  especially  of  alumina  and  magnesia  ;  carbonates  of  lime,  of  lime 
and  magnesia,  and  of  iron  ;  sulphates  of  lime  and  baryta  ;  and  phosphate  of 
lime. 

Nearly  99  per  cent,  of  the  Earth's  crust  is  made  up  of  about  a  dozen 
elements,  of  which  the  most  important  are  the  non-metallic  oxygen,  silicon, 
carbon,  sulphur,  hydrogen,  chlorine  (phosphorus,  fluorine),  and  the  metallic 
aluminium,  calcium,  magnesium,  potassium,  sodium,  iron,  manganese, 
and  barium. 
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CHAPTER   XXVII 

THE  FORMS  OF  THE  LAND— INTRODUCTORY 

In  the  last  two  sections  of  this  book  we  have  studied 
the  external  and  internal  forces  affecting  the  Earth's  sur- 
face and  the  results  of  their  activities  from  a  general 
point  of  view.  In  this  section  we  shall  study  the  differ- 
ent forms  they  have  shaped  at  different  parts  of  the 
Earth's  surface  at  the  present  day. 

Orders  of  Land  Forms. — We  observe  a  great  diver- 
sity of  landscape  around  us, — wide  plains  with  their  sluggish 
rivers,  great  mountains  with  their  swift  torrents,  the  flat 
dune-covered  shores,  and  the  coast  with  lofty  cliffs.  Each 
district  has  its  own  characteristic.  The  flat  alluvial  land  of 
the  Norfolk  broads  differs  from  the  chalk  cliffs  of  Dover 
and  Beachy  and  Elamborough  Heads ;  the  flat  green 
meadows  of  Central  England  from  the  bare  mountains 
of  the  Scottish  and  Welsh  Highlands. 

Yet  there  are  resemblances  as  well  as  differences.  The 
scenery  of  North  Wales  is  not  unlike  that  of  the  Lake  Dis- 
trict ;  the  landscape  of  the  Kerry  Mountains  recalls  that 
of  South  Wales ;  while  each  region  has  its  own  particular 
characteristic,  which  makes  it  distinct  from  any  other. 

While  we  cannot  yet  classify  or  compare  the  different 
land    forms    with    the    precision    with    which    plant    and 
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animal  forms  can  be  classified  and  compared,  yet  geo- 
graphers are  beginning  to  be  able  to  distinguish  the  most 
important  types  of  earth  forms. 

We  have  to  consider  several  orders  of  land  forms. 
First  of  all,  there  are  great  continental  masses  and  oceanic 
depressions  that  form  the  great  divisions  of  the  Earth's 
surface.  Many  smaller  but  perfectly  definite  and  distin- 
guishable forms  can  be  seen  in  the  continents  and  oceans. 
Mountain  and  plain,  shallow  and  deep  seas,  have  different 
characteristics,  and  the  coast  line  has  its  own  peculiarities. 
The  mountains  are  composed  of  different  heights  and 
hollows,  the  plains  are  not  all  flat  but  have  slight  risings 
and  sinkings.  Through  mountain  and  plain  the  water 
flows,  forming  river  systems ;  or,  where  it  does  not  flow, 
deserts  result.  The  structure  of  the  strata  forming  a  plain 
or  mountain  region  and  the  history  of  the  development  of 
the  present  land  form  may  differ. 

We  shall  first  study  the  great  forms  of  the  land,  the 
continents,  and  the  submerged  land  covered  by  the  ocean, 
and  then  consider  the  various  land  forms  which  compose 
the  surface  of  the  dry  land  and  the  coastal  belt 


CHAPTER   XXVIII 

THE  GREAT  DIVISIONS  OF  THE  EARTH'S  SURFACE 

Land  and  Water — Continents  and  Oceans. — The 

solid  surface  of  the  Earth  is  divided  into  two  great  divisions, 
— that  hidden  by  and  that  rising  above  the  water.  The  area 
of  the  former  is  two  and  a  half  times  that  of  the  latter, 
for  five-sevenths  (72  per  cent.)  of  the  Earth's  surface  is 
covered  by  the  ocean,  while  only  two- 
sevenths  (28  per  cent.)  is  dry  land. 

If  we  could  rise  high  above  the 
English  Channel  until  we  reached  a 
point  where  we  could  see  half  of  the 
Earth  at  once,  we  should  think  the 
land  and  water  were  very  equally  dis- 
tributed.  And  this  is  the  case,  for,  in 
the  hemisphere  whose  centre  lies  about  220  miles  south  of 
Dover,  75  SSW  of  Paris,  there  is  almost  as  large  a  pro- 
portion of  land  as  of  water.  This  is  known  as  the  land 
hemisphere.  The  other  half  of  the  Globe  has  very  little 
land,  which  is  only  one-tenth  of  the  water  surface. 

There  is  more  land  in  the  northern  than  in  the  south- 
ern hemisphere.  In  the  former  the  water  surface  is  nearly 
one  and  a  half  times  as  much  as  that  of  the  land,  but  hi 
the  latter  nearly  six  times  as  great 

244 


W  a  t  e  r 

{     Land 

= 

Wa  te  r 

GREAT  DIVISIONS   OF   EARTH'S   SURFACE      245 

The  following  diagram  shows  the  relative  proportion  of 
land  and  water  at  different  latitudes. 

It  is  very  remarkable  that  if  we  compare  the  propor- 
tion of  land  and  water  at  each  latitude,  taking  into  account 
both  northern  and  southern  hemispheres,  the  proportion 
remains  very  much  the  same — about  two  and  a  half  of 
water  to  one  of  land. 

The  ocean  surface  is  continuous,  and  separates  the  land 
into  several  masses.      The  great  divisions  of  land  are  known 
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Fig.  104. 

as  the  Old  World,  the  New  World,  Australia,  and  perhaps 
Antarctica,  which  may,  however,  not  be  one  continuous  land 
mass.  The  rest  of  the  land  is  made  up  of  smaller  masses,  of 
which  the  largest  is  Greenland,  between  a  third  and  a 
quarter  the  size  of  Australia.  Including  Greenland,  the 
smaller  masses  form  only  \  per  cent,  of  the  land  surface. 

We  are  accustomed  to  subdivide  the  land  masses  into 
seven  great  groups,  which  we  call  continents.  The  Old 
World  is  divided  into  three — (1)  Europe,  (2)  Asia,  (3)  Africa; 
and  the  New  World  into  two — (4)  North  and  (5)  South 
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America  ;  the  other  continents  are  (6)  Australia,  and  perhaps 
one  round  the  south  pole,  (7)  Antarctica.  The  diagram  shows 
the  relative  sizes  of  these  continents.  The  area  of  Antarctica 
is  probably  slightly  greater  than  that  of  Europe. 

There  are  three  northern  continents — North  America, 
Europe,  and  Asia ;  and  three  southern  ones,  related  to  the 


Fig.  105. 

three  northern  ones — South  America,  Africa,  and  Australia. 
There  is  one  polar  continent, — that  of  Antarctica.  While 
the  oceans  taper  to  the  north,  where  there  is  a  central  sea, 
the  continents  taper  to  the  south,  where  there  is  a  central 
land  mass.  This  explains  why  the  proportion  of  land  and 
water  along  any  latitude  is  the  same  when  both  northerD 
and  southern  latitudes  are  combined. 
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The  ocean  is  really  one  great  region  covered  with  water, 
but  it  is  usual  to  divide  it  into  three  great  divisions,  each 
called  an  ocean  :  (1)  the  Pacific,  between  the  east  of  the  Old 
World  and  the  west  of  the  New ;  (2)  the  Atlantic,  between 
the  east  of  the  New  World  and  the  west  of  the  Old 
World ;  and  (3)  the  Indian  Ocean,  south  of  Asia,  between 
Africa  and  Australia.  The  lines  separating  the  oceans  are 
purely  arbitrary,  and  are  drawn  due  south  to  Antarctica 
from  the  southern  points  of  the  other  three  southern  con- 
tinents. The  Arctic  Ocean  is  reckoned  part  of  the  Atlantic. 
The  boundary  between  the  two  is  the  line  of  shallower  water 
over  a  ridge  running  between  Iceland  and  the  British  Isles. 

The  minor  divisions  of  water  are  called  seas.  They 
form  only  9  per  cent,  of  the  water  surface. 

Sometimes  the  waters  south  of  the  antarctic  circle  are  called  the  Ant- 
arctic Ocean.  This  division  is  a  much  more  artificial  one  than  that  separating 
the  three  great  oceans. 

Heights  and  Depths. — Although  the  division  of  the 
Earth's  solid  surface  into  water-covered  and  land  portions 
is  a  natural  one,  for  the  purpose  of  studying  earth  forms 
it  is  not  the  best.  The  greatest  depth  of  the  ocean,  east 
of  Guam,  in  the  south  of  the  Marianne  or  Ladrones 
Eslands  (31,500  ft.),  is  not  very  much  deeper  below  the 
sea-level  than  the  highest  peak  (Mount  Everest  in  the 
Himalayas,  29,000  ft.)  rises  above  it.  But  the  average 
depth  of  the  ocean  is  much  greater  than  the  average  height 
of  the  land. 

When  we  visit  a  mountainous  district,  the  surface  of 
the  Earth  seems  very  irregular,  and  the  mountains  appear 
very  high  and  massive.  If  we  compare  their  height 
and  bulk  only  with  our  own,  they  are  indeed  so.     The 
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highest  mountain  in  the  British   Isles  is  more  than  seven 

hundred  times  as  high  as  a  Lifeguardsman  of 

I    0  six  feet,  while  the   loftiest   mountain   in  the 

o      o 

world  is  nearly  five  thousand  times  as  high  as 
the  same  man.  But  when  we  compare  these 
heights  with  the  diameter  of  the  Earth  the 
difference  is  hardly  appreciable.  The  height 
of  the  highest  mountain  on  the  Globe,  nearly 
5 1  miles,  added  to  the  diameter  of  the  Earth, 
about  8000  miles,  does  not  increase  it  more 
in  proportion  than  a  woollen  sock  adds  to  the 
height  of  a  man  six  feet  high. 

If  we  were  to  make  a  globe  whose 
diameter  was  equal  to  the  height  of  a 
church  spire  140  feet  high,  the  highest 
mountain  would  project  only  an  inch  above 
its  surface. 

If  all  the  mountains  of  Europe  or  of 
Australia  were  to  be  levelled,  the  valleys  filled 
up,  and  the  plains  raised  until  the  land  was 
flat,  with  upright  cliffs  at  the  shore,  these 
cliffs  would  be  nearly  1000  feet  high.  Africa 
and  North  and  South  America  would  each 
be  about  2000  feet  high,  and  Asia  3000 
feet. 

The  diagram  in  Fig.  106  is  so  drawn  that 

the    base   of    each    rectangle    is   proportional 

to  the  area  of,  and  the  vertical  side  to,  the 
5 

average  height  of  each  continent. 
Fig.  106.  . 

The  proportion  of  land  at  different  heights 

above  and  depths  below  the  sea-level  has  been  calculated, 
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and  is  shown  by  the  length  of  the  line  at  that  level  in  the 
accompanying  diagram  (Fig.  107). 

This  curve  is  very  steep  at  great  heights,  showing  how 
small  a  part  of  the  land  surface  lies  higher  than  5000  feet 
above  the  sea -level.  On  the  other  hand,  it  becomes  very 
flat  close  to  the  sea-level,  and  this  is  the  case  below  as 
well  as  above  it.     Then  the  curve  falls  more  steeply  again 
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Fig.  107. 


until  about  15,000  feet,  where  it  flattens,  showing  that  more 
of  the  Earth's  surface  lies  between  15,000  and  20,000  feet 
below  sea-level  than  at  any  other  elevation  or  depth.  The 
curve  turns  sharply  downwards  to  the  lowest  depths,  and 
shows  that  almost  as  small  a  part  of  the  Earth's  surface  lies  in 
these  abyssal  regions  as  extends  into  the  most  elevated  ones. 
If  we  draw  a  line  representing  the  mean  height  of  the 
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solid  part  of  the  Earth  lying  above  the  greatest  depth  of 
the  ocean,  it  divides  this  curve  into  two  parts,  the  one 
almost  the  mirrored  image  of  the  other. 

Continental  Block. — The  depth  of  600  feet  is,  on  an 
average,  that  at  which  the  flat  part  of  the  curve  described  in 
the  last  chapter  ends  and  the  steeper  slope  towards  the 
deeper  oceanic  area  begins.  The  contour  line  of  600  feet 
below  sea-level  drawn  on  our  maps  may  be  regarded  approxi- 
mately as  the  outer  edge  of  the  continents.  The  part  of  the 
Earth's  crust  rising  above  this  line  is  called  the  Continental 
Block,  and  the  part  below  it  the  Oceanic  Depression. 

The  flat  area  between  600  feet  below  and  600  feet 
above  sea-level  we  shall  speak  of  as  the  Continental 
Eim.  The  part  of  this  continental  rim  which  is  under 
water  may  be  called  the  Continental  Shelf,  and  the 
water  which  covers  it  the  Continental  or  Shallow  Seas. 
The  part  which  is  above  water  but  which  does  not  attain 
the  height  of  600  feet  above  the  sea-level  is  the  Low 
Land,  and  the  land  above  this  elevation  the  High  Land. 

It  is  true  that  in  some  places  a  low  land  area  is  found  at  an  elevation  of 
more  than  600  feet,  and  that  the  mountain  area  descends  below  it  at  others, 
but,  speaking  generally,  the  line  COO  feet  above  the  sea-level  is  the  boundary 
between  low  and  high  land.  Nearly  three-tenths  of  the  land  surface  is  low 
land,  and  nearly  twice  as  much  lies  between  600  and  6000  feet.  About  one- 
tenth  of  the  surface  of  the  land  has  an  elevation  of  more  than  6000  feet. 

The  region  higher  than  5000  feet  above  the  sea-level  may  be  termed  the 
Continental  Crest;  that  between  600  and  15,000  feet  below  the  sea  the 
Great  Slope  ,  that  between  15,000  and  20,000  feet  deep  the  Oceanic  Plateau  ; 
and  the  region  deeper  than  20,000  feet  the  Ocean  Deeps. 

The  continents  of  North  and  South  America  have  mountainous  regions 
in  east  and  west,  separated  by  a  central  plain.  Eurasia  consists  of  a  great 
northern  low  land,  with  some  high  lands  rising  above  it,  especially  in  the 
extreme  east  and  west  and  south,  bordered  by  a  high  mountain  area  to  the 
south.  The  Deccan  and  Arabia  are  elevated  masses  with  a  narrow  fringe  of 
low  land,  similar  to  Africa.  Australia  consists  of  a  similar  high  land  in 
the  west,  separated  by  a  low  land  from  the  mountainous  eastern  region. 


CHAPTER    XXIX 

FORMS  OF  MOUNTAIN  AND  PLAIN 

Plain,  Hill,  and  Mountain  Lands. — The  different 
forms  of  the  land  must  now  be  studied  a  little  more 
closely.  They  may  be  grouped  in  several  different  ways. 
The  simplest  distinction  is  between  a  land  that  is  almost 
level — a  plain  land — and  a  land  with  many  ups  and  downs 
— a  hilly  or  mountainous  land.  This  is  a  most  important 
distinction,  not  merely  from  the  point  of  view  of  physical 
geography,  but  from  that  of  human  geography  as  well. 

A  plain  is  nob  a  perfectly  even  surface,  but  one  whose 
surface  does  not  anywhere  differ  much  in  height  from  the 
average  elevation,  i.e.  when  the  slope  of  the  land  is  hardly 
apparent.  Plains  are  found  at  very  different  heights  above 
the  sea-level,  and  when  they  form  part  of  the  High  Land 
they  are  usually  called  plateaus  and  not  plains. 

In  the  same  way  we  speak  of  hilly  lands  when  the 
greatest  heights  are  not  more  than  one  or  two  thousand 
feet  above  the  hollows  around  them,  and  of  mountainous 
lands  when  the  heights  are  higher  above  the  hollows  than 
this. 

This,  however,  is  a  very  rough  mode  of  description, 
and  no  geographer  is  content  with  merely  talking  about 
plateaus  and  plains,  hilly  and  mountainous  lands.      He  dis- 
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tinguishes  between  different  kinds  of  plains  and  mountainous 
lands. 

There  are  several  ways  in  which  we  may  classify  the 
different  kinds  of  plain  and  mountain  lands.  We  might 
look  at  their  external  shapes  and  distinguish,  for  instance, 
between  heights  consisting  of  long  sharp  ridges  and  those 
consisting  of  rounded  masses. 

Another  way  to  classify  land  forms  is  to  consider  their 
structure,  the  nature  of  the  rocks  forming  them,  and  the 
way  in  which  their  beds  lie. 

A  third  way  is  to  consider  the  history  of  the  forms, 
and  whether  they  are  due  mainly  to  external  or  to  internal 
activities. 

All  three  points  of  view  must  be  taken  in  classifyiug 
forms  of  land.  The  forms  are  so  very  complex  that  a 
simple  classification  is  impossible,  and  all  that  we  can  do 
in  an  elementary  book  is  to  choose  a  few  of  the  more 
important  types. 

It  has  already  been  shown  how  internal  forces  are 
constantly  tending  to  make  parts  of  the  Earth's  surface 
higher  than  others,  either  by  actually  pouring  out  molten 
matter  over  the  Earth's  outer  crust,  or  by  moving  some 
parts  up  and  other  parts  down.  The  former  are  called 
erupted  lands,  and  the  latter  tectonic  lands. 

On  the  other  hand,  the  external  forces  are  constantly 
wearing  away  the  exposed  parts  of  the  land,  and  the  action 
of  gravity  draws  all  the  waste  formed  in  the  higher 
parts  to  fill  up  the  lower  parts.  In  the  High  Lands  the 
external  forces  combine  on  the  whole  to  form  hollows,  in 
the  Low  Lands  they  are  filling  up  the  hollows.  These  are 
hollowed  lands  and  levelled  lands. 
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Both  internal  and  external  forces  form  heights  and 
hollows  ;  both  form  plains  ;  and  as  both  are  acting  at  the 
same  time,  the  existing  plains  and  mountains  are  a  resultant 
of  their  joint  action.  In  most  cases,  however,  it  is  possible 
to  discover  which  set  of  forces  has  had  the  chief  influence 
in  the  shaping  of  the  present  forms. 

The  present  land  forms  are  merely  phases  in  a  cycle 
of  changing  forms,  sometimes  called  the  topographic  cycle. 
We  have  seen  how  the  internal  forces  of  the  Earth  tend  to 
make  the  surface  more  irregular,  raising  it  here,  lowering  it 
in  another  place,  and  how  the  external  forces  tend  constantly 
to  reduce  it  to  a  plain.  The  High  Lands  may  be  considered 
as  due  primarily  to  the  internal  forces  of  the  Earth,  while 
the  Low  Lands  are  due  mainly  to  the  external  forces. 

The  Low  Lands  are  partly  filled  up  by  sediment 
brought  down  from  the  High  Lands,  forming  Sedimentary 
Plains;. 

In  the  formation  of  the  High  Lands  volcanic  activity 
has  not  played  the  most  important  part.  Great  lava 
plateaus  occur,  however,  in  the  Deccan,  in  Iceland,  in 
Idaho,  and  elsewhere.  Young  volcanoes  form  part  of  the 
mountains  of  the  world,  more  particularly  round  the  rim 
of  the  Pacific,  and  near  the  mid-world  depression,  as  we 
have  already  seen  in  Chap.  XXIII. 

The  greater  part  of  the  High  Lands  of  the  world  have 
been  gradually  raised  by  slow  crustal  movements.  Some- 
times the  whole  region  has  been  gradually  elevated,  and 
the  rocks  remain  in  horizontal  layers  which  are  broken  by 
faults,  and  the  high  lands  are  bordered  by  terraces  that 
lead  to  the  low  land.  Much  of  Africa  and  the  Deccan  of 
India  consists  of  this  kind  of  land,  which  we  call  a  true 


FORMS   OF   MOUNTAIN   AND   PLAIN  255 

Table-laud.  Where  mountains  have  been  caused  by  fault- 
ing or  fracturing  of  the  strata  without  any  folding,  we  may 
call  this  a  Fracture-land. 

We  have  learned  that  the  crustal  movements  also  lead 
to  folding  of  the  strata,  and  much  of  the  highest  of  the 
high  land  of  the  world  is  formed  of  rocks  that  have  been 
squeezed  up  in  folds  to  form  a  series  of  ridges  and  hollows. 
These  folds  are  rarely  quite  simple,  but  are  complicated  by 
many  fractures  as  well.  When  the  strata  have  been  so 
folded  we  may  speak  of  Fold-land. 

Sedimentary  Plains  or  Flat  Lands. — The  action 
of  flowing  water  is  to  transport  rock  waste  from  higher  to 
lower  levels.  This  is  ultimately  deposited  in  a  fine  form — 
usually  as  sand  or  mud — round  the  foot  of  the  higher  laud, 
and  especially  where  the  river  joins  a  lake  or  a  sea. 

In  the  case  of  a  lake  the  rock  waste  accumulates  where 
the  stream  runs  in,  and  this  part  of  the  lake  becomes 
shallower  and  shallower  through  the  formation  of  a  delta, 
which  spreads  farther  and  farther  from  the  shore,  until 
ultimately  the  lake  is  silted  up,  and  a  lake  plain  is  formed. 
The  water  running  out  of  a  lake  may  accelerate  this  process 
of  filling  up  the  lake  bottom  by  gradually  lowering  the  lip, 
which  keeps  most  of  the  lake  waters  from  flowing  down  the 
valley.  As  this  sill  is  worn  down,  the  level  of  the  lake 
is  lowered,  and  sometimes  a  lake  bottom  may  be  drained 
in  this  way.  In  a  dry  region  the  evaporation  of  the 
waters  of  a  lake  may  lay  bare  its  bed,  which  then  forms 
a  dry  hollow  basin,  usually  shallow,  and  often  encrusted 
with  salt,  as  in  many  parts  of  Central  Asia. 

The  ocean  is  not  a  temporary  form  like  a  lake.  The 
sediment  carried  down  by  rivers  forms  delta  plains,  con- 
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stantly  growing  seawards,  but  even  the  largest  delta  plains 
are  insignificant  when  compared  with  the  ocean.  The 
Ehine,  the  Po,  the  Nile,  the  Niger,  the  Ganges,  Brahma- 
putra, Hwang-ho,  the  Lena,  the  Mackenzie,  the  Mississippi, 
and  many  others,  form  great  deltas,  which  in  many  cases 
are  fertile  regions  thickly  settled  by  man.  In  many  other 
regions,  however,  the  great  rivers  do  not  extend  their  flood 


Fig.  109. — Desert  in  Central  Asia. 


plains  seawards,  for  the  sediment  they  carry  is  borne  away 
by  tides  and  currents  and  is  deposited  along  the  shores. 
In  this  way  the  seas  over  the  continental  shelf  may  grow 
shallower  near  the  mouths  of  great  rivers. 

The  wind-blown  sand  in  the  dry  regions  of  the  Earth 
fills  the  hollows,  and,  although  it  may  be  shaped  into  a 
series  of  ridges  and  hollows,  these  are  relatively  slight, 
and  we  may  call  this  a  dune  land. 
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Fracture  Lands. — The  simplest  case  of  fracture  land 
is  when  the  flat  land  has  been  broken  up  into  great  blocks 
by  a  series  of  faults.  The  faults  cause  irregularities  which 
are  slowly  worn  down  by  prolonged  denudation. 

We  must  not  imagine  such  faultings  to  take  place 
suddenly.  It  is  comparatively  rare  that  such  an  earth- 
quake effect  as  that  of  Fig.  88  occurs.  We  must  imagine 
two  parts  of  the  same  bed  of  rock,  one  on  each  side  of  the 
fault,  slowly  separating.  In  the  course  of  time — a  million  or 
more  years,  perhaps — they  may  become  several  thousand  feet 
apart.  All  this  time  denudation  has  been  at  work  lower- 
ing the  part  that  is  being  raised  relatively  to  the  other 
part.  The  surface  of  the  ground  may  show  little  irregu- 
larity along  the  line  of  fault,  and,  in  the  case  of  very  old 
land,  such  as  the  Scottish  Lowlands,  which  have  been 
subject  to  denudation  for  many  million  years,  this  is  often 
the  case.  In  younger  lands  the  influence  of  faults  can 
often  be  traced.  A  layer  of  harder  rock  in  the  raised  part 
may  hinder  denudation,  which  goes  on  more  rapidly  in  the 
softer  rock  of  the  lowered  part,  and  so  differences  of  level 
may  be  temporarily  exaggerated.  The  result  is  a  stepped 
formation  such  as  we  find  in  the  Western  Ghats. 

Scarp  Lands. — If  the  rocks  have  been  slightly  tilted, 
the  face  of  the  step,  or  escarpment,  would  be  steep  compared 
to  the  dip  slope,  whether  the  escarpment  was  due  to  fracture 
or  formed  by  erosion.  This  is  a  scarped  ridge,  or  simply 
a  scarp.     The  Cotswolds  and  the  Chilterns  are  examples. 

A  river  flowing  through  a  flat  land  cuts  a  deep  channel 

or  gorge,  which  has  steep  sides  and  is  known  as  a  canyon. 

The  more  resistant  the  rock,  the  steeper  the  sides  of  the 

canyon.      Thus  the  sides  of  a  canyon  consist  of  a  series  of 
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slopes,  gentle  where  the  rock  is  soft,  steep  where  it  is  hard, 
as  shown  in  Fig.  83. 

As  denudation  progresses,  the  erosion  of  the  river 
deepens  its  bed  and  the  weathering  widens  the  canyon. 
The  gentler  slopes  become  steeper  under  a  hard  rock  and 
gentler  over  it,  and  the  section  of  the  older  canyon  is  like 
that  in  Fig.  83. 

When  the  river  reaches  a  layer  of  harder  rock  it  slowly 
wears  it  away,  and  then  begins  to  act  on  the  softer  layers 
beneath.  As  erosion  progresses  more  rapidly  among  the 
softer  rocks,  the  stream  bed  deepens  more  rapidly  than  in 
the  hard  rock  above,  and  thus  a  waterfall  is  formed.  Such 
waterfalls  are  common  in  the  tributaries  that  join  the  main 
stream. 

With  the  progress  of  denudation  and  the  consequent 
widening  of  the  canyon,  the  valleys  become  more  and  more 
important  and  leave  blocks  of  land  bounded  by  steep  sides.1 

At  last  the  elevated  plain  is  reduced  until  only  a  small 
part  of  it  remains  high  land,  and  the  slope  is  a  gradual 
one  from  this  region  to  the  sea.  Such  a  region  worn  down 
by  denudation  to  almost  a  plain  is  a  fluvial  denudation 
plain,  or  peneplain,  formed  in  fracture  land. 

In  desert  lands  the  rock  waste  forms  a  talus  at  the  foot 
of  the  steep  slope  of  the  tabular  masses.  Here  the  wasting 
away  progresses  more  slowly  than  in  regions  of  water 
erosion.  Much  of  the  Sahara  is  a  flat  land,  which  is 
being  slowly  worn  down  by  weather  and  wind.      Western 

1  These  are  called  mesas  by  American  geographers,  from  a  Spanish  word 
meaning  table.  As  denudation  proceeds  these  become  reduced  in  size,  and 
are  then  called  buttes,  from  a  French  word  meaning  a  landmark  or  target, 
a  term  applied  to  the  hills  around  Paris.  In  South  Africa  they  are  called 
kopjes. 
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Australia  is  another  example  of  the  same  type  of  land 
formation. 

Fold  Lands. — The  simplest  form  of  fold  we  know  is 
a  bend,  which  may  be  regarded  as  a  squeezing  up  of  the 
Hat  land  into  a  ridge  without  any  corresponding  hollow 
being  formed  (warp  lands).  Such  simple  bent  strata  or 
warped  lands  form  the  Uinta  Mountains,  which  rise  above 
the  Colorado  plateau. 

Under  the  action  of  weathering  and  erosion  these 
warp  lands  become  worn  down,  the  main  river  lines  running 
along  the  axis  of  the  bend  or  else  at  right  angles  to  it. 
In  our  own  islands  we  have  a  number  of  examples  of  such 
worn-down  warp  lands.  The  North  and  South  Downs  are 
the  sides  of  such  a  bent  region  whose  crown,  now  worn 
away,  formerly  rose  above  the  Weald.  The  ridges  of  the 
Downs  have  the  steep  slope,  or  the  escarpment,  facing  the 
axis  of  the  bend,  and  gentler  ones,  or  the  dip  slope,  on 
the  other  side.  They  therefore  form  scarped  ridges  or 
scarps,  and  differ  in  origin  from  those  mentioned  in  the 
last  section.  Warp  lands  have  been  similarly  carved  into 
scarped  ridges  with  a  plain  between,  in  the  region  of  the 
Ochil  and  Sidlaw  Hills  in  Scotland,  where  the  Tay  flows 
between  the  escarpments. 

A  typical  folded  land  gives  rise  to  a  series  of  ridges 
and  troughs,  which  correspond  to  the  downfolds  and  up- 
folds  of  the  strata.  Here  the  valleys  are  originally  formed 
by  the  downfolds,  and  the  waters  run  off  the  hillsides  and 
unite  to  form  rivers  which  run  in  these  troughs.  In  such 
a  region  the  river  courses  are  therefore  more  or  less 
parallel  to  each  other,  as  can  be  seen  by  looking  at  a  good 
map  of  the  Jura  Mountains,  on  the  borders  of  France  and 
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Switzerland.  The  central  part  of  this  region  is  made  up 
of  at  least  fifteen  main  folds  and  very  many  minor  ones. 
The  folds  do  not  run  the  whole  length  of  the  Jura,  but 
unite  and  branch. 

In  these  regions  the  rivers  also  cut  cross  or  transverse 
valleys,  and  in  the  sections  they  make  through  the  ridges 
the  structure  of  the  mountains  is  often  revealed  (Fig.   89). 

The  mountains  of  southern  Ireland  are  folded  moun- 
tains, whose  axes  run  east  and  west,  and  the  rivers  flow 
parallel  to  these  axes.  The  rivers,  however,  turn  sharply 
to  the  south  before  reaching  the  sea  in  cross  valleys. 

In  the  Alps  the  folding  process  has  been  much  more 
intense.  Not  merely  vertical  but  inclined  folds,  even 
inverted  folds,  are  found.  We  must  not,  however,  picture 
to  ourselves  long  even  ridges  stretching  the  whole  length 
of  the  mountain  system, — for  this  is  not  even  the  case  in 
the  much  simpler  folded  regions  of  the  Jura, — but  rather  a 
series  of  folded  regions  which  are  not  continuous,  although 
sometimes  two  join  together  or  one  divides. 

In  dealing  with  most  great  mountain  systems  the 
structure  is  complicated,  and  the  folding  may  have  been 
preceded  or  accompanied  or  followed  by  faulting,  and 
the  folded  rocks  may  even  have  been  previously  folded. 
Through  such  rocks  volcanic  products  may  have  been  ejected 
and  injected,  and,  when  we  think  of  such  a  mountain 
system  being  acted  on  by  the  weather  and  eroded,  we 
realise  how  very  complex  its  forms  may  be  when  due  to 
the  resultant  activity  of  so  many  forces,  each  of  which  has 
a  different  effect  on  the  different  kinds  of  rock  of  which 
the  mountain  is  composed. 

Young    Folded    Mountains.  —  Most    of    the    lofty 
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mountains  in  the  world,  which  are  not  volcanic  cones,  are 
composed  of  rocks  which  have  been  folded  in  comparatively 


late  geological  times.  Denudation  has  modified  their  sur- 
face conditions,  but  has  not  yet  worn  away  the  original 
ridges,  which  still  represent  the  arching  or  upfolds  of  the 
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rocks,  nor  obliterated  the  longitudinal  valleys  which  are 
formed  in  the  furrows  or  downfolds.  The  Alps,  the  Hima- 
layas, the  Andes,  and  the  Rocky  Mountains  are  all  chains 
of  young  folded  mountains.  The  map  shows  the  parts  of 
the  world  where  these  folded  mountain  chains  are  found. 

Denudation  Mountains  or  Highlands. — In  course 
of  time  the  denudation  agencies  get  the  upper  hand. 
Even  in  mountains  so  young  and  lofty  as  the  Alps,  the 
present  forms  of  mountains  are  due  mainly  to  denudation. 
The  downfolds  and  the  lines  of  fault  fix  the  position  of 
many  valleys,  but  the  existing  hollows  of  the  valleys  have 
been  worn  out  by  weather,  flowing  water,  and  ice,  whose 
sculptured  hieroglyphics  can  be  read  on  the  sides  of  the 
valleys. 

In  our  own  Highlands  and  Uplands  in  Scotland,  the 
north  and  south-west  of  England,  Wales,  and  many  parts 
of  Ireland,  we  can  study  a  later  phase  of  ancient  mountain 
systems.  In  these  lands  the  heights  are  due  to  the  wash- 
ing out  of  the  valleys.  They  are  raised  lands  that  have 
been  lowered  and  hollowed  by  external  agents.  In  many 
cases  the  lower  parts  of  the  original  troughs  of  the  fold 
land  are  visible  as  mountain  tops,  the  arches  have  all 
been  worn  away,  and  the  valleys  are  along  the  upfolds,  and 
not  at  the  foot  of  the  downfolds. 

Denudation  Plains. — The  mountains  are  finally  re- 
duced almost  to  plains  if  denudation  continues  long  enough 
and  no  crustal  movements  raise  the  land. 

In  many  parts  of  the  Earth's  surface  the  rocks  lie  in 
almost  horizontal  layers,  and  their  surface  is  not  very 
much  above  sea-level.  In  many  cases  they  may  have 
been  originally  laid  down  under  the  sea,  but  with   very 
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Blight  changes  they  have  been  raised  above  the  sea-level, 
being  worn  down  almost  as  rapidly  as  they  rose.  The 
greater  part  of  Western  Siberia  is  a  plain  of  this  type. 
Look  at  a  good  map  of  this  region.  It  will  be  seen  that 
it  is  very  marshy,  and  that  rivers  do  not  flow  in  deep 
valleys,  and  that  in  many  places  they  have  more  than  one 
bed.  The  land  is  flat,  without  any  marked  surface  features 
such  as  hills  and  valleys. 

European  Russia  is  an  example  of  a  similar  structural 
flat  land.  Many  of  the  rivers  have  cut  their  way  through 
all  the  sedimentary  beds,  and  now  flow  over  the  igneous 
rocks  above  which  the  sedimentary  rocks  were  laid. 

Even  a  complicated  mountain  system  may  ultimately 
be  denuded  to  a  plain.  A  traveller  crossing  the  north-east 
of  France,  or  the  plains  of  Belgium,  would  never  suspect 
that  he  is  crossing  the  site  of  an  ancient  mountain  region, 
where  the  strata  are  fractured  and  folded  in  a  complicated 
way.  Nevertheless,  this  is  the  case.  The  coal,  that  forms 
so  valuable  a  product  of  this  region,  is  not  found  in  flat  or 
continuous  beds,  and  a  study  of  the  rocks  crossed  by  the 
shafts  and  galleries  of  the  mines  shows  that  the  land 
was  once  as  much  crumpled  and  broken  as  any  of  our 
recent  mountain  ranges.  The  mountains  have  been  worn 
down  until  not  even  the  stumps  are  left,  and  the  surface 
of  the  land  is  almost  horizontal.  It  is  a  land  worn  down 
to  its  base  level,  and  if  it  were  much  lower  water  could 
not  flow  off  it.      Such  plains  are  called  peneplains. 

Fluvial  Plains. — The  rock  waste  of  such  a  region 
would  be  deposited  on  its  outskirts,  and  form  a  fringe  of 
flat  low  land  which  would  gradually  grow  as  the  high  land 
was  lowered  by  denudation,  provided  no  earth  movements 
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took  place.  Along  the  base  of  a  highland  or  mountain  rang6 
skirting  the  sea,  such  river  plains  are  called  coastal  plains. 
They  are  usually  of  considerable  economic  importance. 
At  last  this  plain,  a  deposition  or  sedimentary  plain,  would 
slope  gently  from  the  sea  to  the  worn  down  rocks  of  the 
peneplain  beyond,  forming  a  surface  sloping  gradually  from 
sea-level  to  the  highest  point  above  it.  This  is  a  plain  due 
to  both  denudation  and  deposition,  and  both  are  caused  by 
running  water.     It  is  a  liuvial  plain  in  the  largest  sense. 

Marine  Plains. — The  river  waters  are  not  the  only 
ones  at  work  to  level  the  land  to  a  denudation  plain. 
The  ocean  waters  eat  into  the  land  and  level  it  along  a 
narrow  belt,  partly  by  wearing  away  the  land  and  partly 
by  carrying  and  laying  down  seawards  the  waste  thus 
formed,  as  well  as  that  brought  down  by  the  rivers.  In 
the  course  of  time  a  plain  of  denudation  and  deposition 
caused  by  ocean  waves  and  currents  is  formed.  This  is  a 
marine  plain. 

Denudation  of  Raised  Plains. — Imagine,  now,  a 
plain,  such  as  that  of  Belgium,  elevated  without  the  other 
conditions  changing.  As  it  rose  the  slope  of  the  rivers 
would  be  gradually  increased,  and  they  would  eat  more 
quickly  into  the  rising  land,  which  would  cease  to  be 
regular  and  flat,  and  would  become  more  and  more 
irregular.  At  first  the  valleys  would  be  shallow  and 
narrow.  Then  they  would  gradually  deepen  and  widen. 
Distinct  masses  of  higher  land  would  appear,  forming  an 
upland  region ;  and  as  the  elevation  of  the  land  went  on 
and  the  denudation  of  parts  proceeded,  a  highland  region 
woidd  be  shaped.  This  could  be  distinguished  from  a  worn- 
down  or    stump    mountainous    region,    by   all    the    heights 
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being  at  nearly  the  same  level,  or  at  levels  which  would 
Bhow  a  gradual  sloping  of  the  upper  part  of  the  region  in 
one  direction ;  for  their  upper  parts  would  be  the  least 
denuded  portions  of  the  plain  before  it  was  raised. 

We  can  also  imagine  glacial  action  helping  to  lower 
the  higher  regions,  as  is  the  case  in  Scandinavia.  The 
water  continues  to  lower  the  high  land,  and  with  the  rock 
waste  thus  obtained  to  build  new  low  lands.  The  ultimate 
result  would  again  be  the  formation  of  a  peneplain  such  as 
that  just  described. 

The  same  thing  might  happen  to  an  elevated  seolian 
or  marine  plain  as  well  as  to  a  raised  fluvial  one. 

The  beginner  need  not  concern  himself  with  the  detail 
of  such  complicated  form  histories,  which  are  called 
topographic  cycles,  but  it  is  well  that  he  should  realise 
how  very  complex  even  an  apparently  simple  plain  may  be, 
and  that  it  has  had  a  long  history. 

Africa,  the  Deccan,  and  Australia  are  the  great  table 
lands  of  the  world.  Among  the  young  folded  mountains 
are  the  Atlas,  Sierra  Nevada  of  Spain,  the  Apennines, 
Alps,  Carpathians,  Balkans,  Caucasus,  and  the  great  moun- 
tains of  Central  Asia,  the  mountains  surrounding  the 
Pacific  Ocean.  The  other  mountains  of  the  world,  such 
as  the  Highlands  of  Britain  and  Scandinavia,  of  Central 
Europe,  and  the  Highlands  of  Eastern  America,  are  denuda- 
tion mountains. 


CHAPTER  XXX 

RIVER  BASINS  AND  VALLEYS 

Parts  of  a  River. — We  can  study  the  land  forms  from 
another  point  of  view.  Instead  of  considering  the  arrange- 
ment of  rock  layers  and  the  results  of  denudation  on  them, 
we  may  study  the  superficial  appearances  shaped  by  the 
different  denudation  agents.  These  have  been  briefly  de- 
scribed at  the  end  of  each  section  dealing  with  the  action  of 
wind  and  weather,  ice,  running  water,  waves  and  currents. 

The  headwaters,  or  source,  of  a  river  are  in  relatively 
high  ground.  The  stream  first  rushes  rapidly  over  the 
steep  slope  into  the  valleys,  where  it  flows  less  quickly. 
Before  it  reaches  the  sea  it  usually  flows  slowly  across  a 
flat  plain,  where  it  winds  about.  The  place  where  the  river 
meets  the  sea  is  called  its  mouth. 

The  torrential  course  of  some  rivers  is  insignificant, 
and  as  a  rule  the  valley  course  is  then  also  comparatively 
short,  as  in  the  case  of  the  Mississippi  or  Volga.  Some 
rivers,  like  the  Tagus,  have  very  long  valley  courses  and 
little  plain  to  cross.  Others,  like  the  Congo  and  many 
African  rivers,  flow  across  a  plain  for  a  great  part  of 
their  course,  and  then  have  a  second  short  torrential  track 
before  they  reach  the  sea.  These  two  latter  cases  are 
found  in  table  lands. 

26« 
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As  a  stream  passes  from  its  source  to  its  mouth  it  is 
joined  by  many  others,  which  are  known  as  tributaries. 
The  longest  stream  is  called  the  main  stream,  and  the  bank 
on  our  right  hand  when  looking  down  the  stream  is  the 
right  bank,  and  the  other  the  left  bank. 

If  a  stream  flows  across  a  very  flat  plain  before  reach- 
ing the  sea,  in  many  cases  the  main  river  is  broken  up  into 
many  channels,  arms,  or  branches,  which  may  join  again, 
while  those  entering  the  sea  by  separate  mouths  are  termed 
the  distributaries  of  the  river.  The  largest  distributary  is 
the  main  stream. 

The  whole  region  which  is  drained  by  a  river  and  its 
tributaries  and  all  the  streams  that  run  into  them  is  known 
as  the  river  basin.  There  is  a  line  between  one  river  basin 
and  another  where  water  can  flow  into  either.  This  is 
the  water-parting,  watershed,  or  divide  between  two  river 
systems.  It  runs  along  a  region  of  relatively  higher 
ground  than  the  land  in  either  basin.  The  divide  does  not 
always  follow  the  highest  ground  in  the  region,  which  may 
lie  completely  within  one  of  the  river  basins. 

All  rivers  do  not  flow  into  the  sea.  In  regions  where 
evaporation  is  very  great  the  river  may  disappear  alto- 
gether, part  of  the  water  being  vaporised,  and  part  sinking 
into  the  ground,  where  traces  of  it  can  be  found  if  wells 
are  dug  along  the  dry  stream  course.  Travellers  across 
desert  regions  dig  wells  in  the  dried-up  river  courses 
they  pass,  as  the  likeliest  places  for  water  to  be  found. 
In  dry  regions  the  river  waters  may  also  flow  into  a 
hollow,  and  form  a  lake,  where  so  much  water  is  evapo- 
rated that  the  lake  has  no  river  flowing  out  of  it. 
Regions  where  the  rivers  do  not  reach  the  sea  are  called 
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regions  of  inland  drainage,  and  they  are  found  in  all  the 
continents. 

Waterfalls. — Many  waterfalls  occur  in  the  torrential 
track  of  a  river,  where  the  natural  surface  of  the  ground  is 
very  steep.  They  may  be  formed  elsewhere.  Any  layer 
which  is  more  difficult  to  erode  than  the  adjacent  ones  down 
stream  may  cause  a  waterfall,  for  the  river  wears  out  its 
bed  more  rapidly  below  than  at  and  above  this  layer,  over 
which  it  falls.      Niagara  is  formed  in  this  way. 

When  a  number  of  rivers  form  waterfalls  where  they 
cross  from  a  harder  to  a  softer  rock,  the  line  joining  the 
waterfalls  is  called  the  "  fall  line."  A  fall  line  is  found  along 
the  eastern  margin  of  the  Piedmont  Belt  of  the  Appalachians. 

The  main  river,  having  the  greater  momentum,  would  wash  out  its  hed. 
more  rapidly  than  its  tributaries  do  theirs.  The  result  of  this  would  be  a 
series  of  waterfalls  on  the  tributaries  just  before  they  entered  the  main 
stream  ;  but  the  usually  steeper  slope  of  the  tributary  tends  to  counteract 
this.  The  main  river  may  also  be  more  deeply  eroded  by  glaciers  than  the 
side  streams,  and  many  Swiss  waterfalls  are  explained  in  this  way. 

Some  rivers  like  the  Congo  or  the  Nile,  after  having  a  torrential  valley 
and  plain  track,  form  great  waterfalls  and  rapids  before  they  reach  the  sea, 
owing  to  the  main  part  of  their  course  being  on  a  table  land.  This  is  another 
torrential  track  where  the  erosion  may  be  great,  especially  if  the  river  carries 
silt.  The  stream  wears  down  its  bed  more  quickly  here  than  either  above 
or  below,  and  in  time  will  eat  its  way  back  until  it  has  "regularised  "  its 
bed  to  the  normal  type. 

The  Rhine  between  Bingen  and  Bonn  is  an  example  of  a  river  that  has 
gone  far  towards  doing  this,  through  the  Lower  Rhine  Highlands. 

Windings  or  Meanders. — When  a  river  meets  an 
obstacle  which  makes  it  change  its  course,  it  bends  away 
from  that  object.      (See  pp.  190-192.) 

Water-partings  or  Divides — Passes  or  Cols. — 
The  highest  ground  always  forms  a  water-parting  or  divide 
between  two  streams,  but  it  sometimes  happens  that  these 
are  both  tributaries  of  the  same  river.     In  such  a  case  the 
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highest  ground  forms  a  minor  water-parting,  and  the  main 
divide  does  not  pass  along  the  very  highest  ground. 

Ben  Nevis,  the  highest  mountain  in  the  British  Isles,  forms  the  parting 
between  the  waters  flowing  to  the  Nevis  and  to  the  Lochy,  but  it  lies  to  the 
west  of  the  great  divide  which  separates  the  waters  flowing  west  to  the 
Atlantic  from  those  flowing  east  to  the  North  Sea. 

In  a  mountainous  region  the  lowest  parts  of  a  divide 
are  known  as  passes  or  cols.  A  col  or  pass  is  also  the 
highest  point  between  two  valleys.  At  a  mountain  pass 
one  can  move  from  its  summit  in  four  ways — go  up  in  two 
and  go  down  in  two.  The  land  in  such  a  district  is  saddle- 
shaped. 

The  great  divide  of  the  world,  which  forms  the  limit 
of  drainage  to  the  Atlantic  Ocean  or  else  to  inland  basins, 
is  close  to  the  Pacific  coast,  and  closely  follows  the  ridge 
of  the  western  ranges  of  the  Cordilleras  of  South  and  North 
America.  It  curves  inland  to  Tibet  in  the  Old  World,  but 
passes  to  the  north  of  the  loftiest  land.  It  lies  nearer  the 
east  than  the  west  coast  of  Africa. 

A  divide  in  course  of  time  may  get  worn  down,  and 
thus  lead  to  the  union  of  two  rivers  formerly  separated. 
New  divides  may  be  formed,  and  rivers  previously  united 
may  thus  become  separated. 

River  Action  altering  Divides. — Looking  more  closely  at  the  river's 
work,  we  find  that  the  result  of  erosion  is  to  produce  a  curved  valley  bed  of 
a  special  shape,  steep  near  the  headwaters  and  almost  horizontal  near  the 
mouth  of  the  river,  which  may  be  called  the  valley-curve.  The  Thames, 
the  Volga,  the  Mississippi,  are  all  rivers  which  have  approximately  reached 
this  stage  of  development.  As  time  goes  on,  the  slopes  will  become  even 
less  steep,  but  the  form  of  the  curve  will  remain  the  same. 

Suppose  a  ridge  with  a  steeper  slope  to  one  side  than  the  other.  The 
river  AB  on  the  steeper  slope,  other  things  being  equal,  would  wear  down 
its  bed  more  quickly  to  b  than  the  other  AC  to  c.  The  result  would  be 
that  the  river  AB  would  eat  farther  into  the  mountain,  and  the  part  cdb 
would  be  eroded  by  it,  thus  shifting  the  divide  to  d.      AB  increases  its 
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basin  at  the  expense  of  AC.  Ultimately  we  can  imagine  the  watershed 
pushed  nearer  and  nearer  to  C,  and  some  of  the  upper  tributaries  of  AC 
might  be  captured  and  their  waters  become  tributary  to  AB. 


Fig.  111. 

Types  of  Valleys. — In  fracture  lands  we  find  valleys 
formed  by  parallel  faults,  which  we  call  rift  valleys.  The 
river  Jordan  flows  in  such  a  rift  valley. 

In  a  young  fold  land  we  find  the  troughs  or  downfolds 
(synclines)  forming  the  river  beds,  and  the  ridges  or 
upfolds  (anticlines)  the  divides  between  the  valleys.  Such 
valleys  are  longitudinal  or  strike  valleys.  Strike  valleys 
are  also  cut  in  the  sides  or  crest  of  the  arched  strata. 
Such  valleys  are  also  called  longitudinal.  The  upper  parts 
of  the  Blackwater  and  other  rivers  of  south-west  Ireland 
are  in  the  downfolds. 

In  fold  lands  we  also  find  valleys  cutting  across  the 
strata,  and  these  are  termed  transverse  or  cross  valleys, 
and  this  name  is  given  to  any  valley  cutting  perpendi- 
cularly to  the  strike  of  the  rocks.  The  lower  courses  of  the 
Irish  rivers  mentioned,  where  they  turn  from  flowing  from 
west  to  east,  to  flow  from  north  to  south,  are  examples  of 
transverse  or  cross  valleys.  If  the  valley  follows  the 
dip  slope  it  is  called  a  dip  valley,  but  if  it  is  cut  so 
that  the  dip  slope  points  upstream  it  is  called  a  scarp 
valley. 

The  Thames  first  flows  in  a  dip  valley,  then  from  Cricklade  to  Oxford 
in  a  strike  valley  ;  at  Oxford  it  turns  abruptly  across  the  strike  of  the  rocks 
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and  (lows  in  a  transverse  valley  to  Reading.     Here  the  Kennet  flowing  in  a 
longitudinal  valley  joins  the  Thames. 

Through  horizontal  rock  the  river  as  a  rule  cuts  out  a 
gorge   or   canyon.     Here   it   is  not   possible  to  speak   of 


Fig.  112. — V -gorge  of  Miinster,  in  the  Jura.     (Bruckner.) 

Longitudinal  or   transverse  valleys  unless   the  region   has 
been  faulted.      Then  the  valley  determined  by  a  line  of 
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fault  might  bo  termed  a  longitudinal  valley,  one  cut  at 
right  angles  to  such  a  fault  a  cross  valley,  and  one  crossing 
it  at  any  other  angle  an  oblique  valley. 

Form  Sequence  of  a  River  System. — A  river  may  flow  across  many 
kinds  of  laud  forms  which  alter  the  character  of  its  valleys.  The  Rhine 
rises  in  a  longitudinal  valley  in  the  Alps  and  flows  in  a  transverse  valley  to 
Lake  Constance  ;  then  it  crosses  the  Jura  rocks  obliquely  and  glides  along 
the  middle  Rhine  plain  in  a  rift  valley,  carving  out  its  course  in  its  own 
sediment.  Next  it  rushes  through  the  Lower  Rhine  Highlands  across  the 
strike  of  the  rocks,  and  then  creeps  over  its  own  flood  plain  and  delta  to  the 
sea.  The  Rhine  is  a  very  complex  river,  whose  different  parts  are  at 
different  stages  of  evolution. 

It  has  already  been  shown  that  a  well  developed  river  has  three  parts — 

(a)  The  destructive  or  torrential  course— where  erosion  is  greater  than 
deposition,  and  the  old  land  is  cut  out. 

(b)  The  neutral  or  valley  course — where  erosion  and  deposition  vary  with 
the  variations  in  the  force  of  the  river,  and  where  land  is  both  worn  away 
and  remodelled. 

(c)  The  constructive  course — where  deposition  is  greater  than  erosion,  and 
new  land  is  formed. 

The  materials  carried  down  by  a  river  must  all  be  deposited  somewhere, 
and  from  this  point  of  view  its  total  constructive  and  destructive  activities 
from  source  to  mouth  are  equal.  But  we  do  not  find  a  large  proportion  of 
flood  plain  formed  by  a  young  river,  nor  do  we  find  a  great  extent  of 
torrential  region  in  a  very  old  one.  The  immature  river  has  not  usually 
carved  out  a  wide  valley,  whereas  the  mature  river  has  done  so  ;  but  this  is 
not  so  trustworthy  a  sign  of  the  actual  age  of  a  river  (although  it  is  of  the 
stage  it  has  reached  in  its  life  cycle)  as  some  others,  for  the  shape  and  depth 
of  a  valley  depend  partly  on  the  relationship  of  weathering  to  erosion,  and 
partly  on  the  nature  and  position  of  the  rocks  themselves.  Transverse  valleys 
and  valleys  in  table  lands  have  usually  steep  sides  ;  longitudinal  valleys,  on 
the  other  hand,  have  gentler  slopes.  A  valley  formed  by  slow  but  regular 
weathering  with  moderate  erosion  usually  has  a  flatter  floor  than  one  carved 
by  rapid  erosion  during  floods,  even  if  there  is  little  erosion  at  other  times, 
as  in  many  sub-tropical  rivers.  Another  characteristic  feature  which  dis- 
tinguishes a  region  which  has  been  relatively  recently  acted  on  by  weather 
and  flowing  water  from  a  region  long  exposed  to  denudation,  is  that  in 
the  former  the  main  river  has  few  tributaries,  and  these  often  short,  each 
tributary  receiving  few  streams,  whereas  the  latter  has  a  great  system  of 
tributaries.  In  the  former  the  river  systems  are  many,  and  each  is  poorly 
developed.  In  the  latter  the  whole  land  is  drained  by  an  intricate  network 
of  streams  flowing  together  and  forming  a  great  river. 

The   rivers   of  a   region   pass   through   many   vicissitudes    during    the 
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transformation  from  one  stage  to  the  other.  This  applies  not  only  to  their 
slope  from  source  to  mouth,  which,  as  we  have  already  seen,  tends  in 
time  to  assume  a  regular  curve,  but  also  to  their  relationship  with  each 
other. 

Drainage  Areas. — The  land  can  be  divided  into  two 
great  drainage  areas — the  one  sending  its  waters  to  the  sea, 
the  other  not.  The  area  of  inland  drainage,  as  the  latter  is 
called,  is  about  one-quarter  of  the  dry  land  surface.  Two- 
thirds  of  the  region  of  oceanic  drainage  is  drained  to  the 
Atlantic,  owing  to  the  mountains  being  near  the  Pacific 
in  the  New  World  and  to  the  Indian  Ocean  in  the  Old 
World.  One-sixth  only  is  drained  to  the  Pacific,  and  one- 
sixth  to  the  Indian  Ocean. 

The  Atlantic  drainage  is  of  several  types.  The  Arctic 
drainage  across  the  great  northern  low  lands  of  the  Old  and 
New  Worlds  is  greater  than  that  of  the  whole  of  the  Pacific. 
Most  of  the  rivers  have  short  mountain  tracks,  slightly  longer 
valley  courses,  and  travel  long  distances  across  the  plains. 

The  peculiarities  of  this  area  are  that  the  rivers  flow 
from  south  to  north,  from  warmer  to  colder  regions.  Their 
mouths  are  frozen  most  of  the  year,  and  the  ice  melts  in 
the  upper  courses  of  the  rivers  long  before  the  thaw  begins 
near  the  mouths.  A  great  flooding  of  the  low  lands  con- 
sequently takes  place  every  summer. 

In  other  parts  of  the  Atlantic  drainage  area  most  of  the 
rivers  rise  in  mountainous  regions,  the  more  important  ones 
receiving  much  melted  snow  and  ice  in  their  upper  torrential 
tracks.  They  rush  down  the  valleys  they  have  cut  out  to 
cross  relatively  wide  plains,  which  in  some  cases,  like  the 
Amazon  or  Po,  are  of  their  own  making ;  in  others,  like  the 
Mississippi,  are  older  structural  plains  not  formed  by  the 
river  itself. 
18 
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In  Africa,  however,  we  find  an  exception,  for  ninch  of 
this  continent  is  a  table  land,  and  at  the  end  of  the  plain 
course,  which  here  takes  place  on  the  plateau,  the  rivers 
usually  have  a  new  torrential  track,  where  they  plunge  over 
the  terraces  which  bound  the  plateau,  to  the  narrow  coastal 
plain.     The  Congo  is  the  best  example  of  this. 

The  Mediterranean  drainage  area  requires  sjiecial  mention,  for  it  hai 
many  of  the  characteristics  of  an  inland  drainage  area.  The  southern  region 
is  one  of  little  rain,  and,  with  the  exception  of  the  Nile,  all  the  large  rivers  of 
this  area  are  European,  most  of  them  rising  in  the  great  Alpine  mountain 
system.  The  narrow  shallow  strait  of  Gibraltar  prevents  complete  com- 
munication between  Mediterranean  and  Atlantic  waters  (see  page  148). 

With  the  exception  of  the  rivers  of  Eastern  Asia, 
which  belong  more  to  the  Atlantic  type,  the  Pacific  rivers 
are  short,  torrential,  and  rapid,  with  very  short  courses 
across  the  plains. 

The  drainage  system  of  the  Indian  Ocean  includes 
some  large  African  rivers,  as  well  as  those  of  Mesopotamia 
and  India,  which  flow  in  deep  valleys  from  high  mountains, 
and  then  across  plains  of  their  own  deposition. 


CHAPTER  XXXI 

LAKES— INLAND  SEAS— LAGOONS 

Lakes  are  hollows  in  the  Earth's  crust  filled  with  water. 
They  differ  from  seas  in  having  no  mutual  connection  with 
the  seas.  A  lake  may  send  its  surplus  waters  to  the  sea, 
but  the  sea  water  does  not  flow  into  the  lake. 

Lakes  may  be  classified  according  to  the  nature  of  the 
hollows  which  form  their  bed.  These  may  be  shaped  either 
by  internal  or  external  forces.  To  the  former  class  belong 
crater  lakes  formed  by  volcanic  action,  like  Crater  Lake  in 
Oregon.  The  Dead  Sea  is  a  beautiful  example  of  a  tectonic 
lake  formed  in  the  sunken  part  of  a  fracture  land.  Lake 
Tanganyika  and  many  other  African  lakes  belong  to  the 
same  group.  Synclinal  lakes  in  folded  lands  are  rare, 
except  where  they  are  really  due  to  the  blocking  up  of  the 
valley  by  rock  waste. 

The  second  class  of  lakes  have  had  their  beds  formed 
by  the  action  of  external  forces.  The  most  important  of 
these  agencies  is  ice  action.  The  ice  may  either  wear  out 
the  hollow  in  the  solid  rock,  as  in  the  cases  of  many  of  the 
lakes  in  the  island  of  Lewis,  in  the  Hebrides,  in  Finland, 
Sweden,  and  round  Hudson's  Bay ;  or  a  valley  may  be 
dammed  by  a  moraine,  as  in  the  case  of  many  of  the  valley 
lakes  of  Scotland  and  Cumberland ;  or  the  receding  glacier 
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may  leave  the  ground  covered  with  moraiuic  material  form- 
ing heights  and  hollows,  as  in  the  case  of  many  lakes  in  all 
the  glaciated  regions  just  mentioned.  Or,  again,  a  valley 
may  become  dammed  by  rock  waste  being  carried  across  it 
by  a  river  flowing  perpendicularly  into  it,  or  by  a  landslip, 
or  it  may  be  dammed  by  a  flow  of  lava,  or  even  by  a 
glacier,  as  in  the  Marjelen  See  formed  by  the  Aletsch 
glacier. 

Lakes  without  an  outlet  are  usually  salt,  and  some  are 
called  inland  seas.  Of  these  the  Caspian  Sea  is  by  far  the 
largest,  but  many  others,  like  the  Aral  Sea,  Lake  Balkash, 
and  the  Great  Salt  Lake  of  North  America,  are  of  very 
considerable  size.  Such  salt  lakes  occur  in  regions  of 
inland  or  continental  drainage,  and,  if  the  waters  sufficed 
to  fill  up  the  hollows  until  they  overflowed  to  the  sea, 
these  regions  would  become  vast  fresh-water  lakes.  These 
inland  seas,  then,  exist  only  in  dry  regions,  where  the 
rainfall  does  not  exceed  evaporation.  They  are  salt  for 
the  same  reason  that  the  ocean  is  salt :  pure  water  is 
evaporated  from  them,  while  the  water  brought  in  by  rivers 
contains  a  small  proportion  of  salts  in  solution. 

Many  lakes  are  due  to  a  combination  of  causes.  The 
oottom  of  Loch  Ness  is  740  ft.  below  the  sea-level,  that  is 
to  say,  far  deeper  than  the  North  Sea  except  close  to  the 
Norwegian  coast.  The  beds  of  most  of  the  Great  Lakes  of 
North  America  are  also  under  the  sea-level.  In  all  these 
cases  the  hollow  is  due  to  tectonic  causes,  but  the  present 
shape  of  the  lake  has  been  modified  by  ice  action.  Another 
type  of  lake  has  already  been  mentioned.  Part  of  a  wind- 
ing river  may  be  cut  off  where  the  river  has  straightened  its 
course  at  that  point.      A  lake  is  thus  formed. 
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Near  the  coast  sheets  of  water  are  often  found,  some- 
times connected  with  the  sea,  and  sometimes  not,  but  almost 
or  completely  cut  off  from  it  by  sand  banks.  These  are  the 
work  of  rivers  and  ocean  currents.  They  are  termed 
lagoons.  They  are  common  in  tideless  seas  like  the  Baltic 
and  Mediterranean  ;  they  are  also  found  on  dune  coasts  like 
the  Landes  which  form  the  south-eastern  shores  of  the 
Bay  of  Biscay ;  and  they  are  numerous  in  great  deltas  like 
those  of  the  Nile  and  Mississippi. 

The  term  "  lagoon  "  is  also  applied  to  the  quiet  waters 
inside  a  coral  atoll,  or  in  the  crater  of  an  old  volcano  com- 
municating with  the  sea. 

Lakes  are  among  the  most  temporary  of  land  forms. 
Most  of  them  are  slowly  being  transformed  into  dry  land. 

The  formation  of  lake  plains  has  already  been  discussed. 


CHAPTER   XXXII 

THE  COASTAL  BELT 

The  Coast — The  Strand. — We  must  now  devote 
aur  attention  to  the  other  margin  of  the  river  basin — the 
boundary  region  between  sea  and  land. 

When  a  section  is  drawn  through  the  Earth's  crust, 
across  the  region  where  the  surfaces  of  sea  and  land  meet, 
we  find  a  notch  in  the  curve.  This  is  the  coastal  belt, 
where  land  and  sea  have  for  ages  been  contending  for  the 
mastery.  It  varies  in  breadth  from  a  very  narrow  belt  to 
one  many  miles  wide.  The  part  of  the  coastal  belt  which 
is  laid  bare  at  low  tide  and  covered  at  high  tide  and 
reached  by  the  action  of  the  waves  is  called  the  strand. 
The  strand,  like  the  coastal  belt,  varies  in  width,  from  a 
narrow  strip  where  high  cliffs  form  the  boundary  of  the 
ocean — as  the  chalk  cliffs  of  southern  England  or  the 
sandstone  cliffs  of  Forfarshire — to  a  tract  several  miles  wide 
where  the  coastal  belt  is  very  flat,  as  in  Morecambe  Bay 
and  the  Solway  Firth. 

If  the  land  above  and  below  the  strand  is  steep  we 
speak  of  a  steep  coast,  but  if  it  slopes  very  gently  we  term 
it  a  flat  coast.  As  a  rule,  the  sea  grows  rapidly  deeper 
away  from  the  strand  on  a  steep  coast,  and  remains  shallow 
for  a  considerable  distance  seawards  along  a  flat  coast. 

278 


THE   COASTAL   BELT 


279 


As  a  rule,  steep  coasts  are  formed  where  the  slope  of 
the  Earth's  crust  is  considerable,  or  where  the  coast  is 
formed  in  a  mountainous  region,  as  in  the  south-west  of 
Ireland.  Flat  coasts  occur  where  the  slope  is  gentle,  as 
round  the  Wash. 

Steep  coasts  also  occur  in  low  lands  where  the  waves 
have  worn  away  the  rocks  and  formed  cliffs,  as  on  the 
shores  of  the  English  Channel.  On  the  other  hand,  a  flat 
coast  is  sometimes  found  bordering  high  land,  if  the  rock 


Fig.  113. 

waste  has  accumulated  and  formed  a  flat  region  at  the  base 
of  the  high  ground.  This  is  common  on  the  coasts  of  the 
Scottish  Highlands. 

Formation  of  the  Strand. — From  the  accompanying 
figures  a  rough  idea  may  be  obtained  of  the  effect  of  wave 
action  on  a  steep  cliff  rising  out  of  a  sea  where  the  tides 
rise  and  fall.  The  dotted  line  represents  the  high -water 
level,  the  continuous  line  the  low-water  level.  The  waves 
dashing    against    the   cliff  wear    away   the   rock    between 
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a  and  b.  This  waste  falls  down  the  steep  slope  under  the 
water.  As  time  goes  on,  the  work  progresses.  During 
great  storms  the  waves  dash  far  up  the  cliff,  which  is 
hollowed  out  high  above  the  tide-mark.  Below  the  low- 
tide  level  the  hollowing  out  ceases,  and  here  a  shelf  is 
formed,  bd.  This  is  continued  seaward  by  the  upper  surface 
of  the  wedge  of  rock  waste  bef. 

The  waves  on  a  flat  coast  move  the  sand  and  shingle, 
and  we  must  look  on  such  a  coast  as  constantly  changing 
under  their  action  at  different  states  of  the  tide.  During 
a  great  storm,  with  a  wind  blowing  on  shore,  the  waves 
may  be  driven  over  the  first  ridge  of  land  at  high  tide 
and  a  lagoon  may  be  formed. 

The  effects  of  such  waves  in  great  storms  are  some- 
times very  great.  Seven  centuries  ago  the  Zuyder  Zee 
existed  only  as  a  very  slight  gulf,  whose  flat  shores  were 
broken  through  in  successive  storms  until  by  the  beginning 
of  the  fifteenth  century  it  was  almost  its  present  size. 

Types  of  Coast. — If,  instead  of  studying  a  section  of 
a  coast  to  see  if  it  is  steep  or  flat,  we  look  down  on  the 
region  where  the  sea  and  land  surfaces  meet,  we  find  the 
strand  line  has  many  shapes.  At  some  places  it  is  almost 
straight,  with  here  and  there  a  slight  incurve  and  out- 
curve.  Elsewhere  it  bends  in  more  sharply  to  form  bays, 
and  bulges  out  to  make  forelands  and  capes.  These  we 
may  call  regular  shore  lines.  At  other  places  the  shore 
line  circles  round  great  gulfs,  separated  by  projecting 
peninsulas,  headlands,  or  promontories ;  at  others  still  it 
may  form  narrow  inlets,  firths,  or  creeks,  and  jut  out 
between  them  as  points.  These  are  irregular  shore  lines. 
When  we  study  this  laud-sea  line  and  the  coastal  belt 
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together,  we  find  the  relationship  of  the  two  very  simple. 
As  a  rule,  the  true  flat  coasts  and  the  steep  coasts  of  flat 
lands  have  gentle  curved  outlines,  while  true  steep  coasts 
and  flat  coasts  of  high  lands  have  usually  irregular  outlines. 
Flat  lands,  it  will  be  remembered,  have  either  recently  risen 
above  the  sea,  or  have  been  formed  by  the  deposition  of 
sediment.  They  are  young  lands  of  marine  origin,  like  the 
coast  of  Norfolk,  or  of  fluvial  origin,  like  the  low  coasts 
of  the  Netherlands.  Such  coastal  plains  are  described  on 
p.  264. 

Steep  irregular  coasts  have  been  formed  where  the  sea 
has  covered  part  of  the  land,  either  through  the  depression 
of  the  land  or  the  rising  of  the  sea-level.  The  most 
marked  irregularities  have  been  caused  by  weathering  and 
erosion  before  part  of  the  land  was  covered  with  water. 
When  parts  of  the  land  long  exposed  to  aerial  denudation 
are  covered  by  the  sea,  it  fills  up  all  the  hollows  and  forms 
an  irregular  coast  line.  As  there  are  many  kinds  of  high 
land,  and  as  their  surfaces  are  carved  and  moulded  into 
very  different  shapes  by  the  various  agents  of  denudation, 
it  follows  that  the  corresponding  forms,  of  coast  line  are 
also  very  varied,  and  indeed  too  numerous  to  be  described 
in  detail  in  an  elementary  work. 

When  a  coast  forms  part  of  a  fold  land, — if  it  runs 
parallel  with  the  axis  of  folding  it  is  called  a  longitudinal  coast; 
if  at  right  angles  to  it,  a  transverse  coast ;  and  if  obliquely 
to  it,  an  oblique  coast.  As  much  of  the  Pacific  coast  lies 
parallel  to  the  axis  of  folding,  especially  the  American 
west  coast,  the  longitudinal  coast  is  often  spoken  of  as  the 
Pacific  type  and  distinguished  from  the  Atlantic  type,  for 
hardly  any  longitudinal  coasts  are  found  in  the  Atlantic, 
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except  in  the  West  Indies.  But  the  so-called  Atlantic 
type  of  coast  consists  of  many  varieties,  partly  determined 
by  the  kind  of  land  bordering  it,  partly  shaped  by  denuda- 
tion agencies  acting  on  it.1  It  is  much  better  to  classify 
coasts  according  to  the  type  of  land  form  which  borders 
them — folded  mountain,  denudation  highland,  tableland, 
scarpland  or  plain. 

The  longitudinal  coasts  of  a  fold  land  are  usually  regular. 
Here  and  there  the  sea  forms  a  narrow  strait  through  the 
coastal  range,  and  long  inlets  at  right  angles  to  this  strait 
behind  the  coastal  mountains.  The  coast  of  Dalmatia  is 
characterised  by  many  such  inlets,  and  this  is  often  termed 
the  Dalmatian  type  of  coast.  Where  the  folded  mountains 
run  transversely  or  obliquely  under  the  sea,  the  shore  line 
runs  up  the  valleys  and  round  the  ridges,  as  in  the  south- 
west of  Ireland.  The  water  is  usually  deep  off  the  head- 
lands, and  shallows  gradually  landwards  in  the  gulfs.  This 
is  a  ria  coast,  so  called  from  the  rias  of  north-west  Spain. 

In  fracture  lands  the  coast  is  often  an  almost  vertical 
cliff,  like  those  bordering  the  Great  Australian  Bight  and 
many  parts  of  the  coast  of  Africa. 

Several  types  of  coast  are  determined  by  the  nature  of 
the  denudation  to  which  a  high  land  was  submitted  before 
becoming  coastal.  A  glaciated  land  forms  a  fiord  coast, 
whether  in  fold,  fracture,  or  flat  land.  A  fiord  is  an  inlet 
with  more  or  less  parallel  sides,  often  dividing  into  many 
minor  inlets.      It  is  distinguished  by  having  a  very  irregu- 

1  Parts  of  the  coast  where  no  fold  land  exists  have  heen  distinguished 
as  neutral  coasts,  but  this  is  not  a  happy  expression.  Longitudinal  coasts 
have  been  called  concordant  coasts,  and  transverse  and  oblique  coasts  have 
been  called  discordant  coasts  by  some  writers. 


THE   COASTAL   BELT  283 

lar  floor,  with  heights  and  hollows,  so  that  its  depths  vary 
greatly,  and  it  is  always  blocked  by  a  ridge  at  its  entrance, 
which  is  relatively  shallow  compared  with  the  deeper  water 
inside.  The  name  "  fiord  "  is  given  in  Scandinavia  to  inlets 
of  this  type,  and  the  lochs  of  the  west  of  Scotland  are 
excellent  illustrations  in  our  own  country.  A  fiord  is 
distinguished  from  a  ria  by  the  irreguiar  depth  of  the 
fiord.  In  Chile,  British  Columbia,  and  New  Zealand  fiords 
are  found  in  longitudinal  coasts. 

On  a  sandy  coast  where  the  wind  is  the  most  powerful 
aerial  agent,  the  sand  is  heaped  up  into  great  dunes.  Such 
dune  coasts  are  found,  not  merely  on  the  western  borders 
of  the  Sahara,  but  also  on  our  islands,  where  many  of  our 
finest  golf  links  are  made  on  sand  dunes. 

The  coasts  due  to  marine  denudation  have  already 
been  mentioned. 


CHAPTER   XXXIII 
ISLANDS 

Islands. — An  island  is  a  mass  of  land  completely 
surrounded  by  water. 

We  have  seen  how  the  raising  of  the  sea-level  makes 
an  irregular  coast,  with  many  gulfs  and  peninsulas.  St. 
Michael's  Mount  in  Cornwall  is  joined  to  the  mainland 
at  low  water,  but  at  high  water  it  is  separated  from 
it  by  the  sea.  At  low  water  it  is  a  peninsula,  joined 
to  the  mainland  by  an  isthmus ;  at  high  water  it  is  an 
insula,  or  island,  separated  from  the  mainland  by  a 
strait. 

What  is  done  in  the  case  of  St.  Michael's  Mount  for 
a  few  hours  at  a  time  twice  a  day  by  the  rising  of  the 
tide  is  done  for  infinitely  longer  periods  by  a  relative  rise 
of  the  level  of  the  sea.  Many  peninsulas  have  been 
converted  into  islands  in  this  way.  Such  islands  all 
possess  the  characteristics  of  the  adjacent  land.  The 
islands  round  the  British  Isles  and  the  British  Islands 
themselves  are  islands  of  this  kind,  cut  off  from  the 
continent  of  Europe.  To  the  same  class  belong  Ceylon, 
the  Japanese  islands,  New  Zealand,  the  East  and  West 
Indies,  and  many  others.  The  name  given  to  them  is 
islands  of  separation,  and  they  form  part  of  the  great  land 
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masses  which  rise  above  the  sea-level,  and  are  themselves 
vast  islands,  which  we  may  call  continent  islands. 

Some  islands,  on  the  other  hand,  have  arisen  in  an 
entirely  different  way,  quite  independently  of  the  great 
land  masses.  They  are,  of  course,  also  prominences  of  the 
Earth's  crust,  but  they  are  isolated  from  the  main  masses. 
Such  islands  are  upraised  or  constructional  islands.  They 
consist  of  two  kinds,  volcanic  and  coral.  Iceland  and  the 
Hawaiian  Islands  are  the  largest  examples  of  volcanic 
islands.  Many  Pacific  islets,  some  in  the  Atlantic  like 
the  Bermudas,  and  others  in  the  Indian  Ocean  like  the 
Maldives,  are  coral  islands.  They  are  formed  only  in  warm, 
salt  seas. 

A  volcanic  island  may  be  girdled  by  a  coral  reef,  like 
some  of  the  Hawaiian  and  Fiji  Islands. 

Upraised  islands  were  formed  as  islands ;  separated 
islands  were  originally  part  of  a  larger  land  mass,  itself 
an  island,  and  only  became  separate  islands  through  the 
agency  of  the  sea  in  forming  a  strait  by  flooding  the  isthmus 
connecting  them  with  the  mainland. 

Islands  may  be  classified  in  another  way — according 
to  the  part  of  the  Earth's  crust  out  of  which  they  rise. 
Such  a  classification  distinguishes  islands  rising  from  the 
continental  shelf,  called  by  some  continental  islands} — those 
rising  from  the  steep  slope  area,  and  those  rising  from  the 
ocean  depths.      The  last  two  are  often  called  oceanic  islands 

1  The  terms  "oceanic"  and  "continental"  are  used  in  different  senses 
by  different  writers,  many  making  continental  islands  synonymous  with 
separated  islands,  others  adopting  the  definition  used  above.  As  the  great 
land  masses— the  Old  World,  the  New  World,  and  Australia — are  all 
islands,  the  term  "  continental  island  "  is  also  used  by  some  writers  to  denott 
them,  so  to  avoid  this  ambiguity  we  have  called  them  continent  islands. 
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according  to  this  definition.      The  majority  of  such  oceanic 
islands  are  of  volcanic  or  coral  origin. 

Separated  islands  can  be  classified  in  various  ways, 
according  as  their  land  forms  are  due  to  accumulation, 
elevation,  or  denudation.  Separated  islands  of  volcanic 
origin  have  therefore  to  be  distinguished  from  true  vol 
canic  islands  which  have  never  been  attached  to  other 
masses  of  land  above  sea-level. 


PAKT  Y 

LIFE 


Kailas  Parkat  :  The  Sacred  Mountain*  of  Tibet  in  the  Chain- 
North  of  the  Indus — Brahmaputra  Valleys. 
The  valley  is  about  15,000  feet  and  Kailas  Parbat  21,800  feet  above  sea-level. 
(From  "  The  Great  Plateau,"  by  permission  of  Captain  C.  G.  Rawling.) 


CHAPTER   XXXIV 

THE  DISTRIBUTION  OF  ORGANISMS 

Distribution  of  Life. — In  Chap.  XXV.  the  work  of  the 
organic  world  in  shaping  the  Earth's  surface  was  discussed. 
The  distribution  of  these  organisms  is  largely  determined  by 
the  physical  conditions  that  we  have  been  studying. 

The  oceans,  rivers,  and  lakes  are  inhabited  by  many 
plants  and  animals  that  are  not  found  except  under  water. 
The  land  is  the  home  of  many  organisms  that  are  not 
found  in  the  water,  while  some  things  live  both  on  land 
and  in  water,  and  many  birds  and  insects  traverse  the  air 
while  they  make  their  homes  on  the  land.  All  require  a 
certain  amount  of  food  and  air.  There  are  minimum, 
optimum,  and  maximum  conditions  of  heat,  light,  and 
moisture  for  all  organisms. 

The  food  of  plants  is  derived  from  the  air  in  the 
sunlight,  or  from  the  mineral  matters  which  enter  through 
the  roots  in  solution  with  the  water  drawn  in  by  them 
A  few  plants  obtain  their  food  from  other  plants  or  from 
animals,  and  are  known  as  parasites. 

Most  plants,  then,  are  dependent  on  the  air  and  the 
soil  for  their  sustenance,  and  climate  is  the  most  important 
factor  in  their  distribution. 

Animals  are  dependent  on  plants  for  their  food  or  on 
«9 
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other  animals  which  feed  on  plants,  so  the  distribution  of 
plant  life  has  a  very  marked  influence  on  the  distribution 
of  animal  life,  and  the  great  plant  associations  of  the  world 
also  determine  the  great  animal  associations  of  the  world. 

Life  in  the  Ocean. — In  the  ocean  the  climatic  con- 
ditions on  the  whole  are  equable,  and  the  deeper  we  go 
below  the  surface  the  more  constant  the  conditions  remain 
at  all  times. 

On  the  surface  of  the  ocean  myriads  of  little  green 
plants  live,  each  consisting  of  a  single  tiny  cell.  These 
plants  form  the  food  of  minute  sea  animals,  which  in  their 
turn  are  eaten  by  larger  creatures.  So  in  the  long-run 
the  food  supply  of  all  marine  animals  depends  on  these 
little  plants.  The  pelagic  animals  on  the  surface  consist 
of  small  swimming  forms,  the  nekton,  and  others,  the 
plankton,  which  merely  drift  about  where  winds  and  cur- 
rents carry  them.  The  limy  and  silicious  skeletons  of 
these  animalcules  form  the  basis  of  the  deep  sea  deposits 
(Chap.  XXII.).  As  we  go  deeper  in  the  ocean  we  come,  at 
about  600  feet  below  the  surface,  to  a  region  where  myriads 
of  microscopically  small  plants  or  microbes  live,  feeding  on 
the  dead  things,  and  acting  as  scavengers  of  the  sea.  In 
this  upper  part  of  the  ocean  live  the  great  fish  like  the 
shark  and  the  sword-fish,  molluscs  like  the  cuttle-fish, 
mammals  like  the  whale,  whose  fat  or  blubber  is  sought 
after  by  the  whalers. 

The  intermediate  depths  of  the  ocean  are  probably  in- 
habited, but  we  know,  as  yet,  little  about  them. 

Over  the  oceanic  plateau  and  in  the  abyssal  depths 
many  animals  live,  and  have  been  brought  to  the  surface 
in  the  dredges  and  other  traps  used  by  marine  zoologists. 
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Sponges,  sea  anemones,  star-fish,  crustaceans,  molluscs,  and 
fishes,  more  or  less  blind,  live  here  on  the  remains  that  are 
Blowly  falling  from  the  surface,  or  on  their  neighbours. 

The  part  of  the  ocean  that  contains  most  life  is  prob- 
ably the  littoral  region.  Here  we  find  seaweeds  of  all 
forms  and  colours  in  the  shallow  waters.  No  green  plant 
can  live  below  200  feet,  for  the  water  arrests  so  much 
light  that  the  green  plants  cannot  make  their  food  below 
this  depth.  The  only  large  plants  found  in  the  sea  grow 
round  the  coastal  region,  and  the  sea  of  seaweed,  which  is 
known  as  the  Sargasso  Sea  and  is  found  in  the  centre  of 
the  North  Atlantic  eddy,  is  composed  of  parts  of  the 
sargassum  or  gulf  weed  drifted  from  the  shores. 

The  shallow  waters  over  the  continental  shelf  are  richest 
in  useful  fish.  The  haddock,  cod,  herring,  mackerel,  pilchard, 
and  many  other  edible  fish  swim  in  these  waters,  and 
flounders  and  other  flat  fish  live  in  their  sandy  bottoms. 
Here,  too,  oysters,  mussels,  and  other  molluscs,  the  precious 
pearl-oyster,  the  beautiful  coral,  and  the  useful  sponge  are 
found.  The  littoral  region,  with  its  varying  conditions,  is 
richer  and  more  varied  in  its  forms  of  life  than  the  great 
ocean. 

The  ocean  thus  may  be  divided  into  four  great  regions, 
each  with  its  typical  life :  the  littoral  regions,  near  the 
coast,  where  the  sea  is  not  very  deep  and  the  seasonal 
changes  are  most  marked ;  the  surface  region  of  the  open 
ocean,  where  the  seasonal  changes  are  felt,  and  plants  and 
minute  animals  abound ;  the  intermediate  region,  of  which 
we  know  little ;  and,  lastly,  the  deep  and  abyssal  regions, 
where  the  pressure  is  enormous,  the  cold  great,  but  the 
conditions  uniform  at  all  seasons. 
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Life  on  the  Land. — Climate  is  an  important  factor 
in  the  distribution  of  life.  Life  in  the  cold,  icy, 
polar  deserts  is  scanty  and  poor  because  of  the  hard 
conditions.  Life  in  the  hot,  equable,  equatorial  belt  is 
luxuriant  and  prolific.  Between  these  extremes  all  inter- 
mediate stages  exist.     The  composition  of  the  soil  affects 


Fig.  114. 

the  distribution  of  plants.  For  instance,  some  plants  live 
in  the  salt  soils  near  coasts  or  salt  marshes,  others  flourish 
best  on  lime,  others  on  sand.  The  slope  and  underground 
drainage  of  the  land  are  also  important,  and  determine  the 
limits  of  many  species,  but  the  great  factor  in  the  distribu- 
tion of   plants  and  animals   is   climate,  and   the  climatic 
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provinces  that  have  been  described  give  the  key  to  the 
organic  provinces. 

Life  in  the  Cold  Regions. — Here  the  conditions 
are  peculiar.  The  long  night  of  winter  is  succeeded  by 
the  perpetual  day  of  summer.  While  the  ground  is 
frozen  all  the  year  round,  and  only  the  surface  thawed, 
many  hardy  plants  rapidly  develop  in  the  constant  sun- 
shine of  summer,  and  may  even  push  their  flowers  above 
the  snow  before  it  is  melted.  But  these  regions  are  really 
very  barren.  They  are  called  the  tundra,  which  has  been 
described  by  Brehm  as  "  neither  heath  nor  moor,  neither 
marsh  nor  fen,  neither  highlands  nor  sand  dunes,  neither 
moss  nor  morass,  though  in  many  places  it  may  resemble 
one  or  other  of  these."  The  most  important  plant  is 
the  reindeer  moss,  which  forms  the  food  of  the  reindeer, 
the  chief  wealth  of  the  nomadic  tribes  who  inhabit  these 
inhospitable  regions,  and  is  the  source  of  both  food  and 
clothing,  and  draws  the  sledges  over  snow  and  ice.  In 
summer  many  birds  migrate  to  the  polar  regions  and  lay 
their  eggs  and  rear  their  young,  and  fly  south  when  the 
long  summer  day  shortens.  The  arctic  fox,  the  hare  on 
the  land,  the  polar  bear,  the  walrus  and  the  seal  in  the 
seas,  are  the  most  important  animals  of  the  cold  caps. 

Life  in  the  Cool  Belts. — The  coastal  regions  of  the 
cool  belt  are  equable,  and  have  the  steady  supply  of  rain 
which  causes  forests  to  flourish.  Towards  the  interior 
of  the  continents  the  rain  falls  mainly  in  summer ;  and  as 
the  rainfall  becomes  less  and  the  extremes  of  temperature 
increase,  vegetation  becomes  sparser  and  sparser,  the  forest 
passes  into  shrub  land,  and  the  shrub  into  grass  land.  In 
the  polar  part  of  this  belt  the  forests  are  of  hardy  pine 
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trees,  with  their  evergreen  needle-shaped  leaves.     Nearer 
the  equator,  the  deciduous  trees — those  which  shed  their 


Fig.  115. — Larch  forest  in  Saghalin. 
(From  a  Photo  by  Prof.  Kkassnov.) 


leaves  in  winter  and  have  a  new  covering  of  soft  flat  green 
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leafage  every  spring — predominate,  such  as  the  oak,  the 
elm,  the  beech,  the  alder,  and  the  ash.      In  the  cool  forests 


many  furred  animals  live,  such  as  the  hare,  the  squirrel, 
the  stoat,  the  otter,  the  weasel,  the  sable,  and  the  beaver. 
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On  the  grass  lands,  which  are  known  as  steppes,  the 
summers  are  very  warm  and  the  winters  are  very  cold. 
Trees  are  found  only  along  the  water  courses.  After  the 
cold  of  winter,  plants  rapidly  develop  in  the  mild  spring 
weather,  and  the  steppe  is  covered  with  beautiful  flowers 
in  early  summer.  As  the  summer  grows  hotter  the  plants 
are  shrivelled  up,  and  in  autumn  the  steppe  is  a  waste 
of  dry  vegetation.  Herbivorous  or  plant-eating  animals 
abound  on  the  steppes,  and  great  herds  of  wild  horses, 
asses,  cattle,  sheep,  and  goats  roam  about  on  them.  Deer 
and  elk  are  found  nearer  the  edge  of  the  forest,  out  of 
which  the  fox,  wolf,  bear,  and  lynx  come  to  prey  on  them. 
Many  bisons  formerly  roamed  on  the  steppes  of  North 
America,  some  of  which  are  known  as  prairies ;  but  horses, 
cattle,  and  sheep  now  replace  them,  and  predominate  on  the 
steppes  of  South  America,  which  are  known  as  the  pampas. 

Mountain  regions  in  the  cool  belt  are  forested  on  their 
lower  slopes,  but  the  limit  of  trees  is  soon  reached,  then 
grassy  slopes  and  still  higher  tundra-like  conditions  succeed. 
The  flora  of  the  higher  regions  is  known  as  an  alpine  flora, 
and  consists  of  dwarf  plants,  many  of  them  having  brilliant 
flowers.  The  grizzly  bear  lives  in  the  Rocky  Mountains. 
The  goat  of  Kashmir,  the  wild  sheep  and  the  yak  of 
Tibet,  are  other  animals  found  in  the  mountain  regions  of 
the  cool  belt. 

Some  of  the  most  energetic  races  of  men  live  in  these 
cool  belts.  They  tend  their  flocks  and  herds  on  the  grass 
lands,  and  cultivate  the  soil  in  the  forest  clearings.  In  the 
regions  nearer  the  sea,  wheat,  barley,  oats,  rye,  and  other 
cereals  are  cultivated,  as  well  as  numerous  root  crops. 
Animals  are  reared  for  dairy  produce  or  for  food,  and  are 
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partly  hand-fed,  more  particularly  during  the  winter  months. 
Coal  and  iron  have  been  discovered  and  utilised,  and  have 
given  rise  to  great  industrial  development  in  the  past  cen- 
tury. Some  of  the  busiest  and  most  populous  parts  of 
the  world  are  found  in  the  cool  belt,  more  particularly  in 
Western  Europe,  in  the  east  of  North  America,  and  Asia. 

Life  in  the  Warm  Belts. — The  coastal  regions  of  the 
warm  belt  have  a  warm  equable  climate.  In  the  east  they 
have  rains  brought  by  the  trade  winds  towards  their 
polar  limits.  On  the  west  coast  drought  is  prevalent,  and 
is  broken  only  by  the  winter  rains,  brought  by  the  westerly 
winds,  and  towards  their  equatorial  limits  by  equatorial  rains 
in  summer.  There  is  therefore  a  great  contrast  between  the 
vegetation  of  the  east  and  west  coasts  of  the  warm  belt,  and 
not  the  similarity  that  we  found  in  the  cool  belt. 

In  the  eastern  region  rains  are  plentiful  in  the  summer 
months,  and  the  vegetation  is  such  as  flourishes  with 
plenty  of  sun  and  moisture.  The  tall  bamboo  grass,  which 
grows  sixty  to  seventy  feet  high,  is  a  typical  plant. 

"There  are  innumerable  varieties  of  this  valuable  plant.  They  range 
from  a  quarter  of  an  inch  to  fifteen  or  even  eighteen  inches  in  diameter,  and 
from  five  to  seventy  feet  in  height.  Bamboo  is  absolutely  indispensable  to 
the  native.  It  furnishes  him  with  frame,  siding,  and  sometimes  even  roof- 
ing for  his  house,  and  from  it  he  fashions  rafts,  outriggers  for  his  boats 
sledges,  agricultural  implements  of  many  sorts,  lance-heads,  bows,  bow 
strings,  arrows,  spoons,  forks,  fish  traps,  water  pipes  and  receptacles,  cups, 
measures  for  fluids,  fences,  bridges,  carrying  poles,  musical  instruments 
and  what  not." — The  Philippine  Islands,  Worcester. 

Tea,  sugar-cane,  cotton,  and  tobacco  are  among  the 
economic  plants  characteristic  of  this  region,  which  also 
produces  many  great  timber  trees. 

The  western  coastal  area  is  very  different  in  character. 
Towards  its  polar  limits  the  warm  summers  form  the  rest- 
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ing-time  of  the  plants,  which  become  shrivelled  up  in  the 
intense  heat  and  dryness  of  the  late  summer  months. 
Instead  of  tall  grasses,  the  vegetation  is  shrivelled,  and 
often  prickly,  like  astralagus,  butcher's  broom,  lavender, 
and  thyme,  which  cover  many  of  the  waste  places  in  our 
Mediterranean  region ;  plants  with  strong  protection 
against  evaporation,  like  the  cork  oak  or  the  American 
aloe,  abound ;  and  the  olive  tree,  the  fig,  the  pomegranate, 
the  orange,  the  lemon,  and  the  vine,  all  of  which  require 
warm  dry  summer  for  the  maturation  of  their  fruits, 
flourish  in  this  region. 

It  is  worth  noting  that  edible  fruits,  fibres,  and  cork 
are  among  the  chief  economic  products  of  vegetable  origin 
from  the  western  region,  whereas  in  the  east  they  are  the 
leaves  of  the  tea  plant,  the  juices  of  the  sugar-cane,  the 
hairs  of  the  cotton  seed. 

The  continental  parts  of  the  warm  belt  are  desert,  with 
fertile  oases  along  the  water  courses,  and  scrubby  plants, 
mainly  mimosas,  towards  their  outer  limit,  from  which  gums 
are  derived,  such  as  gum-arabic. 

Both  in  the  east  and  west  coastal  regions  agriculture  is 
developed.  The  seasons  are  more  regular  than  in  the  cool 
belt,  the  rainy  season  being  more  or  less  sharply  marked 
off  from  the  dry  period,  whereas  in  the  cool  coastal  regions 
the  rains  occur  at  all  times  of  the  year,  and  often  damage 
as  well  as  help  the  crops.  Agriculture  has  its  historical 
development  in  the  fertile  river  valleys  of  this  region. 

Life  in  the  Hot  Belt. — The  hot  belt  is  also  a  wet 
belt,  except  in  its  northern  limits  in  the  Old  World,  which 
includes  the  south  of  Arabia  and  the  Sahara,  which  have 
just  been  dealt  with.      Elsewhere  tropical  forests  prevail 
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except   where    the    land    rises    sufficiently    high    for    cool 
weather  to  predominate. 


The  wet  jungles  of  this  equatorial  region  are  a  mass  of 
vegetation,  which  is  not  merely  formed  •  f  a  great  forest  of  trees, 
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but  of  a  dense  undergrowth  round  their  base,  and  in  many 
places  an  even  denser  overgrowth  among  their  branches, 
where  the  great  lianas  creep  and  spread  their  leaves  above 
those  of  the  trees  to  which  they  cling.  Many  of  these 
creepers  yield  indiarubber,  which  is  much  sought  after,  and. 
the  palms  of  this  area  supply  many  useful  products — oily 
seeds  from  the  oil  palm,  fruit  from  the  banana  and  coco- 
nut, fibres  from  the  abaca,  which  yields  Manila  hemp. 


Fig.  118. — Phoenix  palms  in  marshy  land  near  Bombay. 
(From  a  Photo  by  Prof.  Deichmuller.) 

Among  the  cultivated  plants  are  many  that  flourish  in 
the  warm  eastern  coastal  regions,  such  as  the  cotton  and 
sugar.  On  the  higher  ground  of  this  region  coffee  may  be 
successfully  cultivated,  and  in  the  mountains  of  the  equa- 
torial belt  bamboo  forest  is  usually  found  where  the  clouds 
cling  to  the  mountain  sides. 

The  tropical  forests  are  the  home  of  hunters,  usually  very 
wild  and  rarely  well  organised.     The  climate  is  unhealthy, 
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and  in  few  places  can  the  white  man  live  permanently  and 
healthily,  except  in  the  higher  lands  that  reach  into  the 
cooler  air. 

When  the  forest  is  cleared,  the  land  is  very  fertile,  and 
plantations  have  been  made  in  various  parts  of  the  hot  belt, 
more  particularly  near  the  sea,  especially  on  islands  like 
Ceylon  and  Java  and  the  West  Indies. 

Towards  its  polar  limits  the  hot  belt  gradually  passes 
into  the  dry  belt  on  the  west,  and  in  the  west  coastal  and 
continental  regions  agriculture  is  carried  on  as  the  forests 
get  thinner  and  give  place  to  the  pastoral  and  grass  lands 
bordering  the  desert.  These  grass  lands  may  be  called 
savanas,  to  distinguish  them  from  the  grass  lands  of  the 
cool  belt. 

Vertical  Girdles  of  Life. — Fig.  114  shows  in  diagram- 
matic  form  the  way  in  which  the  type  of  vegetation  at  the 
sea-level  in  higher  latitudes  is  found  at  different  heights 
above  the  sea-level  in  lower  latitudes.  The  succession  of 
vegetation  girdles  on  an  equatorial  mountain  is,  roughly, 
that  found  along  the  east  coasts  of  the  continents. 


302 


PHYSIOGRAPHY 


>o 

CO 

IM 

O 

on 

CO 

<* 

CM 

© 

CO 

A 

OS 

CM 

IO 

CO 

o 

co 

co 

OS 

CM 

-* 

CM 

co 

OS 

CM 

CO 

OS 

CM 

»o 

os 

CM 

" 

"* 

T— I 

CM 

CM 

CM 

co 

CM 

M 

OS 

l-» 

ITS 

CO 

OS 

t-» 

IO 

00 

CO 

OS 

i— 1 

•* 

t^. 

o 

CO 

IO 

CO 

l-H 

CM 

in 

os 

(N 

>o 

OS 

CM 

IO 

00 

CM 

^» 

»— 1 

~ 

1—1 

CM 

CM 

CM 

co 

CO 

&S 

o 

CO 

CO 

-tfl 

CM 

o 

00 

CO 

Td 

CM 

»^ 

CO 

ua 

co 

,_, 

■* 

1^ 

os 

CM 

to 

CO 

CM 

»o 

CO 

CM 

IO 

00 

»o 

CO 

<3J 

I—l 

CM 

CM 

CM 

CO 

c^s 

<fc 

J"~ 

IO 

CO 

iH 

09 

t^ 

>o 

-# 

CM 

© 

c© 

OS 

CM 

IO 

00 

o 

CO 

CO 

OS 

CM 

IO 

IO 

00 

IO 

oo 

■* 

oo 

T— I 

IM 

CM 

CM 

CO 

"W 

s> 

'W 

■* 

CM 

O 

00 

CO 

■* 

CO 

l-H 

os 

t^ 

IO 

co 

OS 

CM 

"* 

1-- 

o 

CO 

CO 

oo 

T-H 

CO 

■* 

co 

T* 

oo 

1—1 

■** 

t^ 

a 

i—l 

r— 1 

IN 

CM 

CM 

CO 

tf 

«4 

t* 

rH 

OS 

J>. 

CD 

•<Jl 

CM 

O 

00 

CO 

Tjl 

■^t 

CO 

IO 

00 

,—1 

>* 

t^ 

© 

CM 

IO 

oo 

tH 

t^ 

I—l 

■^ 

l^ 

Ttl 

*- 

© 

i— 1 

r— I 

t— ' 

CM 

CM 

CM 

CO 

H 

H 

!==< 

co 

co 

IO 

co 

r4 

OS 

t^ 

O 

CO 

1—1 

ft 

CO 

OS 

(M 

io 

co 

rH 

co 

CO 

OS 

CM 

IO 

Tp 

*>. 

o 

^t< 

w 

© 

CO 

W 

© 

CM 

CM 

CM 

CO 

Q 

W 

02 

w 

09 

co 

■* 

<N 

© 

CO 

co 

"* 

CM 

© 

CO 

CM 

CO 

os 

CM 

IO 

l^. 

o 

CO 

co 

os 

rH 

CO 

t^ 

© 

CO 

l^ 

© 

CO 

co 

© 

" 

" 

CM 

CM 

CM 

CO 

PES 

CO 

rH 

OS 

1^ 

»o 

CO 

■-I 

os 

co 

co 

w 

rH 

CO 

co 

OO 

,—1 

Tjl 

t^ 

© 

CM 

IO 

oo 

fc-H 

co 

co 

o 

CO 

co 

© 

CO 

CD 

os 

r=H 

CM 

CM 

CM 

CM 

00 

CO 

■>* 

CM 

o 

00 

l^. 

IO 

CO 

O 

o 

CM 

io 

00 

T— ( 

•^ 

CO 

Os 

CM 

>o 

CO 

co 

OS 

CO 

co 

OS 

CM 

CO 

os 

I-H 

I-l 

i-l 

<M 

CM 

CM 

1/2 

& 

w 

o 

O 

o 

© 

o 

o 

© 

© 

© 

© 

E-> 

CM 

CO 

•^ 

IO 

co 

t^. 

00 

OS 

W 

» 

APPENDIX 


303 


-* 

o» 

-* 

00 

CO 

00 

eo 

t>. 

CM 

at 

t^ 

1^ 

00 

00 

o> 

0 

0 

O 

1— 1 

CM 

0 

00 

rH 

-# 

t— 

,_ i 

■^ 

t^ 

^ 

rH 

>-H 

<M 

CM 

CM 

■* 

o> 

•<* 

CO 

CO 

00 

CO 

t^ 

<N 

00 

-* 

-** 

m 

IO 

CO 

CO 

»-- 

t^- 

CO 

CM 

IO 

00 

,H 

-# 

t^ 

0 

co 

CO 

1-1 

■"* 

i-H 

CN 

CM 

(M 

CO 

CO 

CO 

t*- 

CM 

w 

CM 

CO 

CO 

I— 1 

CM 

CM 

CO 

CO 

■* 

■^ 

>o 

l£i 

i-H         i-H         CM 


,£3    O 

cS   o 

H  o 


b  £ 


— 

6 

— 

^ 

crt 

0 

— 

m 

0) 

« 

0) 

fcl 

3 

3°4 


PHYSIOGRAPHY 


c*  . 


III.  Centigrade  Degrees  expressed  in  terms  of 
Fahrenheit  Degrees. 

.     .      -40          -30          -20           -10          ±0          +10  +20         +30          +  4< 

.     .     -40          -22           -4          +14           32            50  68           86            104 


IV.  Fahrenheit  Degrees  expressed  in  terms  op 
Centigrade  Degrees. 
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Aberration  of  light,  26. 

Actinozoa.     See  Coral. 

Ur  (see  also  Atmosphere) — 

Composition  of,  by  mass  and  volume,  97. 

Weight  of,  63. 
alcohol,  low  temperatures  measured  by, 

75. 
Vlumina,  proportion  of,  in  earth's  crust, 

240,  241. 
iluminium,    proportion    of,    in    earth's 

crust,  59. 
imber,  insects  preserved  in,  235. 
unmonia,  97. 
mdesite,  241. 

angles,  measurement  of,  36,  38. 
inticlines,  215. 
Lphelion,  27. 
trgon,  97. 
Lrtesian  wells,  164. 
Ltmosphere — 

Circulation   of,    126,    130.     (See    also 
Winds.) 

Composition  of,  58,  96,  97. 

Dust  in,  107. 

Gases  in,  contrasted  with  those  in  sea- 
water,  151. 

Heat  rays  absorbed  by,  72-74. 

Pressure  of,  85-88,  90,  91,  126-128. 

Winds.    See  that  title. 
tvalanches,  174,  175. 


!alloons,  meteorological  use  of,  79. 

iamboo,  297. 

'.arometer,  vernier  used  in,  37  ;  construe 

tion  of,  86,  87. 
Sasalt,  240,  241. 
Jlueness  of  sky,  107. 
logs,  172 ;  fossilisation  in,  233. 
lores,  146. 
louxnes,  198. 


Boyle's  law,  88. 
Buttes,  258. 


Calcium,  59. 
Calms,  64,  86,  130. 
Canyons,  195,  257,  258,  271. 
Capillary  forces,  162. 
Carbon  dioxide,  proportion  of,  in  atmo- 
sphere,  96,  97  ;    in  sea-water,  151 ; 
chemical  action  of,  197. 
Carbonates,  river- water  charged  with,  149 ; 

in  sedimentary  rocks,  241. 
Cavendish,    density   of  the  earth  deter- 
mined by,  55. 
Caves,  197,  198 ;  ice,  179. 
Chalk - 

Composition    and    formation   of,    224, 
230,  233. 

Solubility  of,  204. 
Challenger  Expedition,  155. 
Charles's  Wain,  11,  12. 
Chlorides,  149,  151. 
Clay- 
Density  of,  56. 

Formation,  240. 

Impermeability  of,  162,  203. 
Climate — 

Belts  of,  119. 

Explanation  of  term,  118. 

Life  distribution  affected  by,  292 . 
Clouds — 

Ascent  and  descent  of,  103, 104. 

Composition  of,  98,  101,  103,  104. 

Dew  prevented  by,  117. 

Distribution  of,  108. 

Forms  of,  106. 

Sunshine  intercepted  by,  68,  73, 
Coal- 
Folded  seams  of,  261. 

Origin  of.  223,  233.  241. 
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Coast — 

Temperature  affected  by  nearness  to, 
78,  79,  84. 

Types  of,  280-283. 
Cols,  269. 
Comets,  33. 
Compass,  points  of,  51,  52 ;    method  of 

finding  the  points  of,  9,  13. 
Condensation — 

Dust  particles  conducive  to,  107. 

Ice-crystals  formed  by,  104. 

Process  of,  100,  101,  103. 
Conglomerates,  230,  241. 
Constellations,  11. 
Continental    block,    250 ;    islands,    285 

and  note. 
Continents,  245,  246 ;  continent  islands, 

285  and  note. 
Coral,  formation  of,  160.     (.See  also  under 

Islands.) 
Crag  and  tail  formation,  202. 
Currents — 

Deflection  of,  by  earth's  rotation,  137. 

Directions  of,  135-139. 

Oceanic,  135,  154-156,  205. 

Rivers,  in,  169,  190,  191. 

Seasonal  changes  of,  139. 
Cyclones,  tropical,  120. 

Darwin,     theory    of,     regarding    coral 

islands,  225. 
Delta  lands,  223,  255,  256,  281. 
Density,  explanation  of  term,  152. 
Denudation — 

Explanation  of  term,  160. 

Fault  lines  affected  by,  257. 

Fluviatile.     See  Rivers — Erosion. 

Highlands  formed  by,  262. 

Plains    formed    by,    262,    263 ;    raised 
plains  affected  by,  264. 
Depressions,  121-123. 
Deserts — 

Conformation  of,  183,  184. 

Distribution  of,  110,  111,  298. 
Dew — 

Formation  of,  115,  117. 

Transpiration  of  plants  erroneously  so 
called,  163. 
Dew  point,  105,  117. 
Diatoms,  223,  228. 
Diorite,  241. 
Dip,  215. 
Divides,  267-270. 
Doldrums,  64,  86. 
Downfolds,  215. 
Drainage  areas,  273,  274. 
Drifts,  135,  136. 
Dust  in  the  atmosphere,  107. 
Dynamite,  composition  of,  223. 


Earth,  the — 
Contraction  of,   productive    of    earth 

quakes,  212. 
Crust  of — 
Composition  of,  59,  241. 
Divisions  of,  245,  246. 
Forms,  classification  of,  253. 
Heights,  average,  of,  247-249. 
Movements  of,  213,  235,  254,  255. 
Density  of,  28,  55-57. 
Dimensions  of,  27,  30,  31,  46,  49. 
Heat,  specific,  of,  74 ;  heat  absorbs 

by,  89. 
Interior  of,  58,  232. 
Magnetism  of,  49,  50. 
Moon's  distance  from,  30,  31. 
Orbit  of,  26,  27. 

Revolution  of,  round  the  sun,  23-25. 
Rotation  of — 
Currents  affected  by,  137. 
Experimental  indications  of,  19. 
Presumptions  for,  17. 
Rates  of,  39. 

Winds  deflected  by,  128-130. 
Shape   of,    15-17,   48 ;    steering  detei 

mined  by,  42. 
Sun's  distance  from,  27. 
Earthquakes — 
Causes  of,  208,  209,  212,  213. 
Depth  of  origin  of,  211. 
Distribution  of  area  of,  212,  213. 
Measurement  of,  209,  210. 
Volcanic  outbreaks  connected  with,  21t 
Earthworms,  224. 

Eclipses — of  the  moon,  16,  31 ;   of  th 
sun,  31 ;    of  Jupiter's   satellites,  3 
and  note. 
Equator — 
Geographical — 
Calms  at,  64,  86,  130. 
Position    of,   39 ;    relation    to    hea 

equator,  128,  130. 
Rainfall  at,  108,  109. 
Heat,  81,  127,  128,  130. 
Magnetic,  52. 
Equinoxes — 
Dates  of,  22,  44. 
Precession  of  35,  note1. 
Eratosthenes,  earth  measurements  of,  45 

46. 
Erosive   forces,    160.      (See  also    unde 

Rivers.) 
Eskers,  201. 

Establishment  of  a  port,  146. 
Ether,  vibrations  of,  67  note. 
Evaporation — 

Lake  beds  bared  by,  255. 
Process  of,  99-101,  103,  104. 
Rivers  affected  by,  267. 
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raporatlon — contd. 

Salinity  of  ocean  surface  affected  by, 

151,  155  ;  of  lakes,  276. 
Transpiration  conducive  to,  163. 

4.ULTINGS,  faults — 

Denudation  at  lines  of,  257. 

Earthquakes  along  lines  of,  212,  213  ; 
illustration  of,  209. 

Valleys  formed  by,  270. 

slspar,  240,  241. 

iords,  282,  283. 

irns,  175. 

ish — 

Decomposition  of,  226. 

Distribution  of,  290,  291. 

loods — 

Conditions  of,  171. 

Deposits  formed  by,  188-190,  192. 

Northern  rivers  subject  to,  273. 

jg,  106,  108. 

}ld  land — 

Coasts  of,  281. 

Form  of,  255,  259-263. 

Valleys  in,  270. 

jrests,  protective  action  of,  223,  226. 

jssils — 

Character  of  rock  formations  deter- 
mined by,  237,  238. 

Explanation  of  term,  232. 

Formation  of,  224,  225,  233,  234. 

Ducault's  pendulum,  21. 

racture  land — 

Coasts  of,  282. 

Form  of,  255,  257,  258. 

Valleys  in,  270. 

etsers,  220,  221. 
ibraltar,  sea  temperatures  at,  148. 
laciers — 

Crevasses  in,  177-179. 
Formation  of,  175. 
Moraines.     See  that  title. 
Movement  of,  161,  177-179,  199-202. 
Rivers  from,  167,  201. 
len  More,  earthquakes  at,  212. 
lobigerina,  224,  228. 
neiss,  231. 
ranite — 

Composition  of,  241. 
Formation  of,  160,  240. 
Resistance  of,  to  erosion,  204. 
ravitation,  law  of — 
Cloud  particles  affected  by,  103. 
Statement  of,  32. 
Tides  affected  by,  142-144. 
Water  in  the  earth  affected  by,  100. 
ravity,  specific,  of  ocean  waters,   152, 
104.  155. 


Gregorian  Calendar,  35  note  '. 
Guano,  226. 
Gulf  Stream — 

Cold  Wall  met  by,  225. 

Speed  and  direction  of,  138. 
Gulf-weed  (sargassum),  138,  291. 
Gypsum,  caves  formed  in,  197. 

Hail,  105. 

Heat  (see  also  Sun — Rays)— 

Belts  of,  81,  84,  115,  119. 

Expansion  caused  by,  85,  88,  90,  109. 
103,  180. 

Latent,  103. 

Rays  of,  67. 

Temperature  distinguished  from,  74. 

Underground,  57,  58. 
High-pressure  systems,  121,  123,  125. 
Hoar-frost,  115. 
Hornblende,  240. 
Humidity,  105. 
Hurricanes,  120. 
Hygrometer — 

Dew  point  determined  by,  117. 

Explanation  of,  105. 

Ice — 

Falling  of  crystals  of,  104. 

Fossils  in,  234. 

Lake  beds  formed  by,  276. 

Nature  of,  179. 

Temperature  of  melting,  103. 

Vapour  condensed  into,  104. 

Water  compared  with,  as  to  volume, 
181 ;  as  to  action,  192. 
Icebergs,  203,  204. 
Indian  Ocean — 

Drainage  into,  273,  274. 

Temperature  of,  148. 
Inertia,  law  of,  33. 
Insects,  fossils  of,  in  amber,  235. 
Iron,  59. 
Ironstone,  241. 
Islands — 

Continent  and    continental,    285   and 
note. 

Coral,  225,  285. 

Oceanic,  285,  286. 

River     action,     formation     by,     190 
206. 

Separated,  284-286. 

Upraised — 
Coral,  225,  285. 
Volcanic,  285,  286. 
Isobars,  maps  of,  92,  93. 
Isotherms,  80-84,  122,  124. 

Julian  Calendar,  35  note 2. 
Jupiter  (planet),  32  and  note. 
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Kames,  203. 

Karst  phenomena,  198. 

Kepler,  laws  of,  26. 

Kites,  meteorological  use  of,  79. 

Knitting  needle,  experiment  with  orange 

and,  24 ;  with  watch-glass  and,  48 ; 

with  lodestone  and,  49. 
Kopjes,  258. 

Lagoons,  277,  280. 

'  Rivers  fed  by,  166,  167,  171,  172. 

Seiches  on,  140. 

Silting  up  of,  255. 

Tidal  influence  in,  145. 

Types  of,  275-277. 
Land.     See  Earth — Crust. 
Lath,  experiments  with,  27. 
Latitude — 

Explanation  of,  39-42. 

Measurement  of,  46,  47. 

Reckoning  of,  method  for,  43. 

Temperature  in  relation  to,  77-81. 
Lava,  218. 
Lead,  56. 

Leap-years,  35  and  note  2. 
Length,  unit  of,  35,  36. 
Light— 

Aberration  of,  26. 

Gradual  propagation  of,  32  note. 

Rate  of  movement  of,  33. 

Rays  of,  67,  68,  72. 
Lime,  fossilisation  effected  by,  233. 
Limestone — 

Caves  in,  197. 

Composition  and  formation  of,  149,  230, 
231,  241. 

Permeability  of,  171. 

Water  affected  by,  165. 
Lodestone,  49. 
Longitude — 

Explanation  of,  40-42. 

Reckoning  of,  method  for,  43. 
Low-pressure  systems,  121,  122. 

Magma,  218,  219. 

Magnesium,    proportion    of,    in     earth's 

crust,  59. 
Magnesium   chloride,    proportion   of,    in 

sea-water,  151. 
Magnetic  maps,  52-54. 
Magnetic  needle — 

Dip  of,  52. 

Variation  or  deviation  of,  50. 
Magnets,  properties  of,  49. 
Marshes,  172. 
Mediterranean  Sea — 

Drainage  into,  274. 

Temperature  of,  148. 


Mercury — 
Barometer  made  with,  86,  87. 
Temperature  measured  by,  75. 
Variations  in  height  of,  87,  88. 
Mercury  (planet),  rays  from,  68. 
Meridian  circles — 

Explanation  of  term,  39. 
Initial  meridian,  41. 
Measurement  of,  45,  46,  48. 
Mesas,  258. 
Meteors,  33. 

Meter  as  unit  of  length,  35. 
Mica,  241. 
Minerals — 
Igneous  rocks  classified  by,  240. 
Water  charged  with,  165, 197,  221,  233 
Mississippi — 
Height  of,  in  the  middle,  169. 
Valley  of,  266,  273. 
Mist,  98,  106,  107. 
Moisture,  measurement  of,  105. 
Monsoons.     See  under  Winds. 
Moon,  the — 
Density  of,  31. 

Distance  of.  from  the  earth,  30,  31,  143. 
Eclipse  of.  16,  31. 
Mass  of,  143. 
Movements  of,  29,  30. 
Parallax  of,  30  note. 
Phases  of,  28-30. 
Rays  from,  68. 
Shape  of,  13,  14. 
Size  of,  31. 

Tides  influenced  by,  142-144. 
Time  reckoned  by,  35. 
Moraines — 

Ground,  200,  203,  204,  276. 
Lateral  and  medial,  199. 
Terminal,  200,  202,  275. 
Mountains — 
Denudation,  262. 
Eruption,  216-219,  254. 
Folded,  260-262,  265. 
Heights  of,  in  relation  to  diameter  of 

the  earth,  248. 
Rainfall  on,  110,  111,  115,  206. 
Temperatures  observed  from,  78. 
Wind  currents  on,  94,  95. 
Murray,  Sir  John,   theory  •  (,  regarding 
coral  islands,  225. 

Neves,  175. 

Newton,  Sir  Isaac,  laws  enunciated  by, 
32,  33,  142. 

Nitrogen,  proportion  of,  in  the  atmo- 
sphere, 58,  96 ;  different  proportion 
in  the  sea,  151. 

North,  methods  of  finding,  9,  13. 
1  North  Sea,  tides  in,  145. 
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Obrtdi  \n,  240,  241. 
Ocean — 

Circulation  of  (currents),  135,  154-156, 
205.    (See  also  Gulf  Stream. ) 

Density,  specific,  of,  152,  153. 

Depths  of,  249,  250. 

Divisions  of,  247. 

Floor  of,  205,  228,  229. 

Heat  absorbed  by,  76,  77,  89. 

Life  in,  226,  290,  291. 

Pressure  of,  153. 

Proportion  of,  to  land,  133,  159,  244. 

Salinity  of,  149,  151. 

Sea  distinguished  from,  247. 

Solvent  properties  of,  213. 

Temperatures  of,  147,  148  ;    effect  of, 
on  specific  density,  154,  155. 
Oozes,  228,  229. 
Outcrop,  215. 
Oxygen — 

Atmosphere,  proportion  in,  58,  96,  151. 

Earth's  crust,  proportion  in,  59. 

Sea  and  atmosphere  differently  charged 
with,  151. 
Pampas,  296. 

Parallels  of  latitude.     See  Latitude. 
Parasites,  289. 
Passes,  269. 
Peat,  233. 

Pendulum,  experiments  with,  19-21. 
Peneplain,  258,  "263,  264. 
Perihelion,  27. 
Plains,  types  of,  262-265. 
Planetoids,  31. 
Planets,  11,  31. 
Plants- 
Destructive  action  of,  222. 

Food  of,  289. 

Protective  action  of,  222,  223. 

Sunshine  used  by,  69,  289. 

Transpiration  of,  163. 
Plateaus.     See  Table-land. 
Platinum,  56. 

Plough,  group  of  stars  forming,  11,  12. 
Po,  basin  of,  193,  196. 
Point,  position  and  direction  of  a,  38,  39. 
Polar  circles,  polar  caps — 

Life  in,  292,  293. 

Light  and  darkness  at,  24,  43,  44,  69. 

Rainfall  of,  108,  111,  119. 

Sea  at,  temperature  of,  147 ;  salinity  of, 
151. 
Pole  star — 

Latitude  determined  with  reference  to, 
47,  48. 

Position  of,  12,  47  and  note. 
Porphyrite,  241. 
Port,  establishment  of,  146. 
Pot-holes,  187,  190,  200,  202. 


Potassium,  59. 
Prairies,  296. 
Pudding-stone,  230. 

Quartz.     See  Silica. 

Radiation — 

Continuous  process  of,  76,  77. 

Dew  produced  by,  115. 

Dust  particles  affected  by,  108. 

Kinds  of,  67,  68. 

Water  particles  deterrent  of,  102 

Winds  caused  by,  89-95. 
Radiolarians,  224,  228. 
Rain- 
Causes  of,  98-101,  104. 

Climate  determined  by,  119. 

Distribution  of,  108-115,  206. 

Map  of  annual  rainfall,  109  ;  maps  ol 
rainfall  and  ocean  currents,  112,  113. 

Mass  of,  104. 

Monsoons  productive  of,  115. 

Trade  winds  productive  of,  110,  119. 
Red  Sea,  temperature  of,  148. 
Regelation,  179. 
Rhine- 
Erosive  power  of,  194.  268. 

Valley  of,  272. 
Rhyolite,  241. 
Ria  coasts,  282,  283. 
Rivers — 

Bar  of,  206. 

Basin  of,  267. 

Constructive  work  of,  191,  193. 

Courses  of,  170,  266,  272-274. 

Currents  in,  169,  190.  191. 

Definition,  167. 

Deflection  of,  195,  196,  268. 

Delta  of,  195. 

Distributaries  of,  195,  267. 

Erosion  and  denudation  by ,  1 60, 1 86-1 90 
192,  193,  195,  258,  259,  268,  272.  273 

Floods.     See  that  title. 

Formation  of,  166,  167. 

Friction  encountered  by,  16,  188,  195. 

Glacier-fed,  167,  201. 

Lakes  formed  by,  276. 

Mass  of,  170. 

Pot-holes  in,  187,  190. 

Speed  and  rates  of  movement  of,  167- 
170,  186,  188. 

Tributaries  of,  194-196,  267,  270,  272. 

Underground,  197,  198. 

Waterfalls  on,  258,  268,  270. 

Wind  influence  on,  196. 

Windings  of,  190,  268. 
"  Roaring  forties,"  65,  135. 
Roches  moutonnees,  201. 
Rock  oil.  226. 
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Rocks  (for  particular   rocks,  see   their 

titles) — 
Acid.     .See  below  Igneous. 
Cycle  of,  235. 
Igneous — 

Age  of,  235,  236,  238. 

Classification  of,  232,  240. 

Crystalline  a  term  for,  240. 

Nature  of,  231. 
Metamorphic,  231. 
Organic,    240,    241.      (See   also  below 

Sedimentary.) 
Primary,  etc.     See  below  Sedimentary. 
Sedimentary  or  stratified,  230  ;  age  and 

subdivisions  of,  235-239. 
Roemer,  observations  of,  32. 
Russia — 
Flat  character  of,  263. 
Julian  Calendar  used  in,  35  note  -. 

Salt,  caves  formed  in,  197. 
Salts  in  the  ocean,  effect  of,  on  ocean 
density,  133 ;  proportion  of,  compared 
with  that  in  river-water,  149,  151  ; 
proportion  below  9000  ft.,  152,  153, 
155. 
Sand — 

Littoral  deposits  of,  229. 

Wave-action  on,  204. 

Wind-blown,  183,  185,  256. 
Sand  dunes,  183,  222,  229,  283. 
Sandstones — 

Composition  of,  230,  241. 

Desert  origin  of,  185. 

Formation  of,  231. 

Silica  largely  present  in,  240. 
Sargassum,  138,  291. 
Saturation,  103,  105. 
Savanas,  301. 
Scarps,  257,  259. 
Schist,  231. 
Screes.     See  Talus. 
Sea,  ocean  distinguished  from,  247. 
Seasons — 

Changes  of,  22. 

Regularity  of,  in  hot  belt,  298. 
Seiches,  140. 
Seismometers,  208,  210. 
Shale,  223,  241. 
Silica — 

Composition  and  compounds  of,  240, 
241. 

Fossils  in,  234. 

Rivers  charged  with,  149. 
Silicon,   proportion  of,  in  earth's  crust, 

59. 
Silt, 'deposit  of,  205,  206,  255. 
Snow  drifts,  182,  183. 
Snow  fields,  175. 


Snow  lines,  110,  173,  174. 

Sodium,  59. 

Solstice,  22,  44. 

Sound,  waves  of,  67  note. 

Space,  measurements  of,  35-38. 

Spey,  course  of,  170. 

Sphagnum,  233. 

Springs,  163-165. 

Stalactites  and  stalagmites,  198. 

Stars,  fixed,  11,  33. 

Steering,    direction    of,    determined    b; 

sphericity  of  the  earth,  42. 
Steppes,  296. 
Storm  regions,  128. 
Strand,  278-280. 
Stratum — 

Explanation  of  term,  163. 

Folding  of  strata,  215. 
Striae,  201. 
Strike,  215. 
Sulphates — in  the  sea,  149  ;  in  sediment 

ary  rocks,  239. 
Sun,  the — 

Density  of,  28. 

Dimensions  of,  27. 

Distance  of,  from  the  earth,  27. 

Eclipse  of,  31. 

Heat  of,  28.     (See  also  below  Rays.) 

Influence  of,  2,  28. 

Light  from,  amount  of,  28 ;  time  o: 
transit  for,  33. 

Mass  of,  143. 

Rays  from  (sunshine),  distribution  of 
68-74  ;  measurement  of,  as  heat,  69- 
73. 

Rotation  of,  17  and  note. 

Shape  of,  13. 

Spots  on,  14,  17. 
Sundials,  9,  21,  34. 
Sunshine.     See  Sun — Rays. 
Syenite,  241. 
Synclines,  215. 

Table-lands — 

Distribution  of,  254,  265. 

Formation  of,  254. 

Nature  of,  251. 

River  courses  in,  266. 
Talus,  181,  187,  258. 
Tarns,  202. 
Temperature — 

Altitude  determinant  of,  79,  80,  110. 

Distribution  of,  126-128;  horizontal 
76,  77  ;  vertical,  78,  79. 

Heat  distinguished  from,  74. 

Latitude  in  relation  to,  77-81. 

Mean,  78. 

Measurement  of,  74,  75. 

Melting  ice,  of,  103. 
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emperature — contd. 
Overland,  contrasted  with  oversea,  76, 

77,  79,  84,  89-91, 130. 
Pressure  in  relation  to,  88,  90,  91. 
Rainfall  affected  by,  110,  114. 
Rocks  affected  by,  180,  181. 
Sea,  variations  in,  147,  148  ;  effect  of, 

on  specific  density,  152,  153. 
Underground,  variation  of,  57,  58. 
Winds  determinant  of,  79. 
srmites,  224. 
hames — 

Course  of,  270,   271. 
Po  contrasted  with,  193. 
Speed  of,  169,  170. 
Tide  at,  145. 
aermometer — 
Construction  of,  75. 
Moisture  measured  by,  105. 
dal  waves,   rate  of  movement  of,  146, 

211. 
des,  141-145. 
me — 

Equation  of,  34. 

Light  transit,  amount  required  for,  33. 
Measurements  of,  34,  35. 
>p,  spinning,  expi'riinentswith,  18,  48. 
>pographic  cycle,  254,  265. 
•aehytes,  241. 

•ade  winds.     See  under  Winds, 
■emors,  211,  212. 
•opics— 
Distances  of,   from   polar  circles  and 

equator,  44. 
Explanation  of  terra,  43. 
Life  in,  298-301. 

Ocean  water  at,  specific  density  of,  152. 
iff,  217. 
indras,  293. 
rphoons,  120. 

pfolds,  215. 

alleys,  types  of,  270-272. 

ipour — 

Condensation  of,  100,  101,  103,  104  ; 

more  rapid  when  much  dust  in  the 

air,  107. 
Proportion  of,  in  the  air,  105. 
mus  (planet),  68. 
;rnier — 

Barometers  used  with,  87. 
Measurements  effected  by,  36-38. 
ibrations,  67. 
Dlcanoes,  216-219,  254. 

adis,  171. 

arp  land.     See  Fold  land. 

atch,  variation  of  sundial  from,  34. 


Water  {see  also  Oceans,  Rivers,  etc.) — 
Atmospheric    circulation   affected   by, 

128. 
Chemical  decomposition  by,  197. 
Cycle  of,  98-101. 
Density  of,  28,  55-57. 
Distribution  of,  59. 
Evaporation  of.     See  Evaporation. 
Expansion  of,  in  solid  form,  181. 
Heat,  specific,  of,  74  ;  heat  absorbed 

by,  76,  77,  89. 
Mineral,  165,  197,  221,  233. 
Percolation  of,  100. 
Proportion  of,  to  land,  127,  133,  159, 

244. 
Weathering  by,  181. 
Waterfalls,  258,  268. 
Watersheds,  267-270. 
Waves — 

Earthquakes  productive  of,  208. 
Erosive    and    constructive    action    of, 

204,  205. 
Formation  of,  134. 
Size  and  movement  of,  135. 
Tidal,  146,  211. 
Weather — 

Explanation  of  term,  118. 
Forecasting  of,  125. 
Regularity  and  irregularity  of,  120. 
Weathering  forces — 
Explanation  of  term,  160. 
Glaciers  a  protection  against,  200. 
Instances  of,  ISO  seqq. 
Wells,  164,  267. 
Winds — 

Belts  of,  126,  129. 

British  Isles,  prevalent  direction  in,  64, 

111. 
Causes  of,  85,  86,  89-91,  94,  95,  126- 

128. 
Deflection  of,  by  earth's  rotation,  128- 

130. 
Dew  prevented  by,  117. 
Direction    whence,   name    determined 

by,  136  note. 
India,  prevalent  directions  in,  64. 
Maps  of,  92,  93. 
Monsoons — 

Rain  brought  by,  115. 

Seasonal     changes     of,     65,     130, 
139. 
Mountain,  94,  95. 
Rain  distribution  connected  with,  108, 

115. 
River  surface  affected  by,  196. 
Sea,  89-91,  114. 

Seasonal,   91.      (See  also  above  Mon- 
soons and  below  Trade.) 
Temperature  affected  by,  79. 
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Winds — contd. 

Trade- 
Drifts  caused  by,  136. 
Origin  of  term,  65. 
Rainfall  connected  with,  110, 119. 
Salinity  of  ocean  surface  affected  by, 

151,  155. 
Seasonal  positions  of,  129,  130. 

Waves  caused  by,  134. 

Weathering  effects  of,    182-185 ;   con- 
trasted with  action  of  water,  )  30. 


Winds— contd. 
West   Indies,   prevalent    direction   ii 

64. 
Westerly,  prevalent  in  British  Isles,  6' 

111 ;  in  southern  hemisphere,  65,  12! 

137. 

Yard  as  unit  of  length,  36. 

Zenith,  44,  46. 

Zuyder  Zee,  formation  of,  280. 


WHTTTED  »T    MORIUgOTJ    AND  OrBB   LIMITED,    BDINBrRTO. 


?r 


I 

u 
so 

o 

•H 
CO 
>» 

xi 

Oa 
<^ 

o 

GO 

3 

G 
•H 

3 
O 


University  of  Toronto 
Library 


DO  NOT 

REMOVE 

THE 

CARD 

FROM 

THIS 

POCKET 


Acme  Library  Card  Pocket 

Uadcr  Pat.  "Rti.  Index  Flit" 

Made  by  LIBRARY  BUREAU 


